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SUMMARY 


We are presenting a survival analysis 
by stage, age, calendar period of diag- 
nosis, and treatment for cases of cancer 
of the uterine cervix and corpus diag- 
nosed in the State of Connecticut be- 
tween 1935 and 1954. Observed survival 
is measured relative to expected sur- 
vival in the general population. For 
both sites, patients diagnosed during 
the second 10-year calendar period, 
1945-54, had a markedly higher 5-year 
relative survival rate than patients 
diagnosed during the earlier period, 
1935-44. This improvement was asso- 
ciated with increased use of surgery. 


Several possible interpretations of this 
association are given. Surgery was 
strikingly successful in treating women 
with cancer of the cervix under age 55 
with spread of disease localized: 9 out 
of every 10 patients survived 5 years. 
For both cancer of the cervix and cor- 
pus, 5-year survivors experienced a con- 
siderably higher mortality than women 
of similar age in the general population. 
The survival results for Connecticut are 
compared with results obtained at lead- 
ing treatment centers in the United 
States.—J. Nat. Cancer Inst. 24: 519- 
539, 1960. 


THIS IS the second in a series of reports on the survival experience of 
patients with cancer diagnosed in Connecticut hospitals during the 20-year 
period 1935-54. The first report dealt with cancer of the breast and in- 
cluded a detailed discussion of the analytical method employed (1). 

The data in this report are based on information routinely submitted 
by 36 hospitals to the Tumor Registry operated by the Connecticut State 
Department of Health. [The history and operation of the Tumor Registry 
have been described by Griswold (2) and by Greenberg (3).] 

Information is presented on 3,722 cancers of the cervix and 1,902 
cancers of the corpus. Ninety-three percent of the diagnoses of cervical 
cancer and 97 percent of the diagnoses of corpus cancer were micro- 
scopically confirmed. Cases with a known prior history of cancer of any 
site, and 34 cases with incomplete information, were excluded from this 
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analysis. An additional 1,214 cases for which the part of the uterus in 
which the tumor originated was not specified were excluded from the 
present report, because a discussion of therapy and survival in uterine 
cancer without knowledge as to whether the site of origin was cervix or 
corpus would not be very meaningful. 

A study is now under way which includes review of the hospital records 
of the cases classified as “uterus, part unspecified.” It is of interest to 
determine how many cases can be assigned to a specific site on the basis of 
information recorded in the clinical record. It is also interesting to ascer- 
tain whether the characteristics of the patients in this group differ from 
those of patients with cancers reported as primary in the cervix or the 
corpus. 

The first case of carcinoma in situ of the cervix was reported to the 
Connecticut Tumor Registry in 1944. Only 21 such diagnoses were 
reported during the next 5 years; 185 were reported during 1950-54. 
Since most of the cases in situ were diagnosed relatively close to the 
end of the study period, December 31, 1954, the available information on 
survival covers a relatively short period of observation. The 207 cases 
of carcinoma in situ were excluded from this analysis. A report on sur- 
vival of patients with carcinoma in situ will be made when sufficient 
experience is accumulated. 

The data available from the Connecticut registry are unique because 
they provide information on virtually all persons with cancer in a com- 
munity, rather than dealing with patients admitted to an individual 
treatment center. Thus, the data summarized here describe the survival 
experience of the average patient with cancer of the uterus. This experi- 
ence will be compared with survival results obtained in several leading 
medical centers. 


CANCER OF THE CERVIX 


The distribution of cases of cancer of the cervix by calendar period of 
diagnosis, age, and stage of disease is given in table 1. The classification 
with respect to the stage of disease at diagnosis was based on all available 
information at the time the patient was discharged from the hospital. 
Many different clinicians, in 36 different hospitals, evaluated the extent 
of the disease. The amount of clinical, surgical, and pathological infor- 
mation available for classification with respect to stage varied from 
patient to patient. It is believed, however, that the staging of cases, as 
reported to the Tumor Registry by the individual hospitals, provides a 
valid basis for grouping the patients into the three broad classes used in 
this analysis. The following definitions were used: 

1. Localized—cancer is confined to the site of origin. 

2. Regional spread—cancer has passed the bounds of the site of origin; 

furthest spread thought to be limited to neighboring organs or 
tissues, or to regional lymph nodes. 
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3. Distant or remote spread—cancer has spread to organs or tissues 
beyond those immediately draining or neighboring the site of 
origin. 

TaBLE 1.—Distribution by age and stage of disease at diagnosis: patients with cancer 
of the cervix diagnosed in Connecticut, 1935-54 





Stage at diagnosis 





Stage un- 
Period and age at diagnosis stages Localized Regional Distant specified 





Cases diagnosed 1935-44 

Total 1,628 933 503 97 
Under 35 116 75 29 4 
35-44 398 255 109 18 
45-54 476 264 144 42 
55-64 401 212 145 
65-74 189 105 58 
75-84 43 21 14 
85 and over 5 1 

Cases diagnosed 1945-54 

Total 2, 094 1,310 
Under 35 172 131 
35-44 509 354 
45-54 578 380 
55-64 479 269 
65-74 269 135 
75-84 78 35 
85 and over 9 





As shown in table 2, available follow-up information is fairly complete. 
Only 105 of the 1,628 cases diagnosed during the earlier period, 1935-44, 
were lost to follow-up during the first 10 years after diagnosis; only 45 
additional cases were lost during the next 10 years. Of the 2,094 cases 
diagnosed during the second period, 1945-54, 110 were lost to follow-up 
during the first 5 years; another 39 were lost during the next 5 years. 
The proportion of patients lost to follow-up was relatively small and is 
unlikely to introduce a significant bias into the computed survival rates. 

The survival experience, over 15 years of follow-up, of the 1,628 patients 
with cancer of the cervix diagnosed during the period 1935-44, is shown 
in text-figure 1. The logarithmic scale used for plotting the percentage 


TaBLeE 2.—Summary follow-up data on patients with cancer of the cervix diagnosed 
in Connecticut, 1935-54 





Lost to Withdrawn 
Alive at Died follow-up alive 
Period of diagnosis and beginning during during during 
follow-up interval of interval interval interval interval* 





Cases diagnosed 1935-44 
0-5 years 1, 628 987 41 — 
5-10 “ 600 126 64 — 
10-15 “ 410 55 42 193 
15-20 “ 120 16 3 101 

Cases diagnosed 1945-54 
years 2, 094 854 110 668 
5-10 “ 462 43 39 380 





*Alive on closing date of study, December 31, 1954. 
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UTERINE CERVIX 


OBSERVED AND EXPECTED RELATIVE ANNUAL SURVIVAL RATES 
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TextT-FIGURE 1.—Observed and expected survival rates for 15 years of follow-up: 
patients with cancer of the cervix diagnosed in Connecticut, 1935-44. 


of survivors at the end of successive intervals (left side of chart) permits 
visual evaluation of the rate of depletion (mortality) during successive 
annual intervals. A steep slope indicates a high mortality rate; a gradual 
slope indicates a relatively low mortality rate. The expected survival 
experience for a group of women from the general population, with an 
age distribution similar to that of the cervical-cancer patients, is shown 
for comparison. The 2 curves appear to be roughly parallel after 7 
years. This means that the rate of mortality in the population of pa- 
tients with cervical cancer declined to the approximate level of the rate in 
the general population in about 7 years. 

The relative annual survival rates depicted on the right side of text- 
figure 1 provide a more precise measure of the relationship between 
observed and expected survival rates in successive years of follow-up. 
The attainment and maintenance of a survival rate in the patient group 
equal to that in the general population (relative rate of 100%) would 
indicate that excess mortality had been eliminated. The basic goal 
of therapy is to achieve this as quickly as possible, for the largest possible 
proportion of patients. 

It is clear from the chart that the relative annual survival rates increased 
rapidly during the first 5 years—from 72 to 96 percent. The relative rates 
remained at a level of 95 percent or higher during the next 10 years. 
Although this represents the achievement of a favorable level, it must be 
noted that, in every year except one, the observed number of survivors 
was a little less than the proportion expected on the basis of general 
population experience. 

The survival experience of the cervical-cancer patients relative to that 
in the general population is summarized in text-figure 2. The relative 
survival rate was only 42 percent during the first 5-year interval after 
diagnosis, 85 percent during the second 5 years, and 90 percent during the 
third 5 years (left side of chart). Thus, even among patients who lived 
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for 10 years after diagnosis, mortality was excessive during the next 5 
years; 10 percent of the expected survivors died. The inadequacy of 
the 5-year survival rate as an index of cure is illustrated by the fact that 
the relative survival rate from the 5th to the 15th year was only 76 
percent (right side of chart). If 5-year survivors are in fact cured, their 
survival experience from 5 years on should be very similar to that of the 
general population. However, we find that one fourth of those expected 
to survive the next 10 years actually died. 

Survival rates by stage of disease at diagnosis are summarized in 
table 3. It is interesting that after the first 5 years, the survival expe- 
rience of cases originally classified as localized was not markedly different 
from the survival experience of cases that had been classified as regional. 


UTERINE CERVIX-RELATIVE SURVIVAL RATES 
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0-5 5-10 0-15 5-15 
YEARS YEARS YEARS YEARS 











100 }- 











and v 
2 m 
uJ D 
Oo ro) 
a m 
wd 2 
oe ~~ 


















































4 Percent of expected Percent of expected 
WL survivors living Bes survivors dying 


TEXT-FIGURE 2.—Relative survival rates for specified intervals of follow-up: patients 
with cancer of the cervix diagnosed in Connecticut, 1935-44. 


There was a marked improvement in survival from the first to the 
second period, especially for localized cases (text-fig. 3). For all stages 
combined, the 5-year relative survival rate increased from 42 percent for 
patients diagnosed 1935 through 1944 to 53 percent for patients diagnosed 
1945 through 1954. The corresponding change for localized cases was 
from 52 to 67 percent. There was no significant change in the 5-year 
relative survival rate for regional cases (32 to 35%). 

Among localized cases, survival from the end of the 5th to the end of 
the 10th year was somewhat more favorable among patients diagnosed 
in the second calendar period. Consequently, the relative survival rate 
over 10 years of follow-up was 60 percent, compared with a relative rate 
of 44 percent in the earlier period. 
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TABLE 3.—Fifteen years of survival experience, by stage of disease at diagnosis: 
patients with cancer of the cervix diagnosed in Connecticut, 1935-44* 





Stage at diagnosis 


























Follow-up 
interval in years All stagest Localized Regional 
Cumulative survival rates from date of diagnosis 
Crude Relative Crude Relative Crude Relative 
O- 5 39 42 48 52 29 32 
0-10 30 36 37 44 23 28 
0-15 24 32 31 41 17 24 
Relative survival rates for 5-year intervals 
Standard Standard Standard 
Rate error Rate error Rate error 
O- 5 42 1.3 52 1.8 32 2.3 
5-10 85 1.9 85 2.3 87 3.9 
10-15 90 2.8 94 2.9 85 6. 8 
Relative survival rates to end of 15th year 
Standard Standard Standard 
Rate error Rate error Rate error 
0-15 32 1.6 41 2.2 24 2.8 
5-15 76 3.0 80 3. 3 74 me 
10-15 90 2.8 94 2.9 85 6.8 





*All survival rates are expressed as percentages. Relative survival rates are the ratio of observed to expected 
survival. Rates in italics have standard errors between 5.0 and 9.9. 

tIncludes cases classified as “distant’”’ and “stage unspecified.” Of the 95 patients with cervical cancer diag- 
nosed after the manifestation of distant metastases, only 29 percent survived 1 year; 5 percent survived 5 years. 
Of the 97 patients classified as “stage unspecified,” 33 percent survived 5 years; 15 percent survived 20 years. 
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TEext-FicuRE 3.—Comparison of relative survival rates for patients diagnosed during 
1935-44 and 1945-54: patients with cancer of the cervix diagnosed in Connecticut. 
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Treatment 


Surgery was used more frequently during 1945-54 than during the 10 
years 1935-44. The proportion of all cervical cancers treated solely by 
surgery during the first course of therapy increased from 7 to 17 percent; 
the proportion of cases treated only by radiation decreased from 78 to 
66 percent. It is noteworthy that the increased reliance on surgery in 
the treatment of cervical cancer occurred not only among patients with 
localized disease, but also among patients with regional spread of the 
neoplasm (table 4). 


TABLE 4.—Percentage distribution by treatment during first course of therapy accord- 
ing to stage of disease and period of diagnosis: patients with cancer of the cervix 
diagnosed in Connecticut, 1935-54. 





Stage at diagnosis 





All stages* Localized Regional Distant 


1935- 1945- 1935- 1945- 1935- 1945- 1935- 1945- 
Type of treatment 44 54 td 54 44 54 44 54 








Total number of 
cases 1,628 2,094 933 1,310 603 71 95 66 
Percentage distribution 
Total 100.0 100.0 - 0 100.0 100.0 100.0 100.0 100.0 
Surgery 16. 7 21.7 ‘ 8. 2 0. 0 
Radiation q ‘ ; a ; 4 ‘ 56. 1 
Surgery plus 
radiation q i ; q . " q 7.6 
Other treatments q q . ; L 4 1.5 
No treatment ‘ q 4 4 , ‘ i 34. 8 





* Includes “‘stage unspecified.” 


The relationship between the age of the patient and the choice of ther- 
apy is summarized in table 5, for 1945-54. It is evident that surgery 
was used more frequently in treating younger patients. For example, 
among localized cases, 28 percent of women under 55 years of age were 
treated by surgery alone; 14 percent were treated by surgery combined 
with radiation. The corresponding figures for women 55 years or older 
were both 9 percent. 

The data at hand can be used with confidence to describe the survival 
pattern in each treatment group. However, they must be used with 
caution in comparing the results obtained with different treatment 
methods. Known differences in the characteristics of patients in each of 
the treatment groups can be taken into account. For example, the 
patients were subdivided according to age and stage at diagnosis. How- 
ever, information on other factors which may have influenced the choice 
of therapy is not available. Patients in the different treatment categories 
may differ with respect to the presence of complicating nonmalignant 
conditions, but this possibility cannot be evaluated from the information 
routinely collected by a tumor registry. Furthermore, the data at hand 
do not provide information on the extent of surgery, radiation dosage, 
and time relationship between surgery and radiation in combined therapy. 
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TaBLe 5.—Distribution by age at diagnosis and method of treatment during first 
course of medical care: patients with cancer of the cervix diagnosed 
in Connecticut, 1945-54 





Surgery 
and Not 
Age at diagnosis Total Surgery Radiation radiation treated 





All stages combined 


All ages 1, 390 
Under 35 96 
35-44 ¢ 296 
45-54 366 
55-64 370 
65-74 ¢ 200 
75-84 58 
85 and over 4 


Localized 


All ages 838 
Under 35 69 
35-44 186 
45- 54 230 
55-64 215 
65-74 109 
75-84 27 
85 and over 2 


| w 
Wl Proce oO 





*Includes 2 cases treated by other methods. 


In spite of these limitations, registry data may provide useful clues con- 
cerning the relative efficacy of different treatment methods. Careful 
analysis of temporal changes in survival results, changes in treatment 
policy, and differences in survival results obtained with different treat- 
ment methods can lead to the identification of specific issues for 
further study. 

Relative survival rates with respect to treatment during the first course 
of medical care are given in table 6. The increased use of surgery and 
the decreased use of radiotherapy (table 4) was accompanied by improved 
survival rate in each of the 3 treatment categories. For example, the 
relative 5-year survival rate for patients with localized cervical neoplasms 
treated solely by surgery increased from 66 percent (1935-44) to 88 per- 
cent (1945-54). The corresponding change for patients treated by com- 
bined therapy was from 65 to 75 percent, and for patients treated by 
radiation, from 50 to 60 percent. 

One interpretation of these facts is that whatever factors may have 
been involved in deciding on a therapeutic regimen for a patient, each of 
the therapeutic approaches used was employed more effectively in the 
second than in the first calendar period. For example, the proportion of 
localized cases treated surgically increased from 8 to 22 percent. Thus, 
if surgeons tend to select the more favorable patients, it would appear 
that a broader spectrum of patients was selected for surgery in the second 
period. This would result in the selection of less favorable patients for 
radiation. In spite of this apparent shift in selection policy, the survival 
results obtained by each method of therapy improved. 
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TaBLeE 6.—Relative survival rates by treatment during first course of medical care 
and stage of disease: patients with cancer of the cervix diagnosed in Connecticut, 
1935-44 and 1945-54* 





All stagest Localized Regional 





Rela- Rela- Rela- 
tive Stand- tive Stand- tive Stand- 
Treatment and follow-up survival ard _ survival ard survival ard 
interval in years rate error rate error rate error 





Cases diagnosed 1935-44 

Surgery 
0-5 , 66 0 
5-10 ; 88 8 
10-15 . 101 6 
Radiation 
0-5 ; 50 
5-10 : 84 
10-15 : 93 
Surgery plus radiation 
0-5 q 65 
5-10 ; 89 
10-15 : 94 


Nog WONN Om 


Cases diagnosed 1945-54 
Surgery 
0-5 82 4 88 
5-10 93 ; 93 


Radiation 


© 0 


48 : 60 

87 : 8&9 

Surgery plus radiation 
0-5 64 3. 75 
5-10 96 3. 98 


1 
2. 
4. 
2. 
5. 
4, 
3. 


or OF 





*All survival rates are expressed as percentages. Rates in italics have standard errors between 5.0 and 9.9. 
Rates with standard errors equal to 10.0 or larger are not shown. 
tincludes “distant” and “stage unspecified.” 


It is possible, however, that the observed improvement in survival 
may have been due, at least in part, to a general shift in the distribution 
of cases with respect to the extent of disease at diagnosis, as a result of 
the introduction of vaginal cytology as a diagnostic tool, and more fre- 
quent inclusion by physicians of pelvic inspection as part of general 
physical examination. For example, during the earlier period, 1935-44, 
only one patient with carcinoma in situ was diagnosed. In contrast, 
during 1945-54, 206 carcinomas in situ were diagnosed. (These 207 cases 
were excluded from the data discussed.) Furthermore, there was a sub- 
stantial increase in the number of localized cases diagnosed; from 933 in 
the first period to 1,310 in the second. There was a small increase in the 
number of regional cases, from 503 to 571, and a decrease in the number 
of distant cases, from 95 to 66. The sizable increase in the number of 
localized tumors, accompanied by little change in the number of more 
advanced lesions, suggests that the cases classified as localized during the 
latter period include a larger proportion of early lesions than during the 
first period. Consequently, the observed improvement in survival cannot, 


with full confidence, be attributed to improvements in either type of 
therapy. 
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Relative 5-year survival rates by age at diagnosis are depicted in text- 
figure 4; the rates and corresponding standard errors are given in table 7. 
(Rates for women 75 through 84 years of age are not given, because the 
number of cases was too small to yield reliable results.) 

Among cases diagnosed between 1935 and 1944, there was little differ- 
ence in relative survival with respect to age, for both localized and regional 
cases. However, among localized cases diagnosed during 1945-54, the 
relative survival rates were definitely more favorable for younger than for 
older women. Beginning with the group under 35 years of age, the 
5-year relative survival rates for successive age groups were 75, 73, 70, 
60, and 53 percent. Although the survival rates for the second calendar 
period were higher for each group, the improvement was greater among 
the younger women. For example, the relative 5-year survival rate 
increased by 18 percentage points among women 45 to 54 years of age 
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TEXT-FIGURE 4.—Five-year relative survival rates by age at diagnosis: patients with 
cancer of the cervix diagnosed in Connecticut during 1935-44 and 1945-54. 


(from 52 to 70%), but by only 9 percentage points among women 55 to 64 
years of age (51 to 60%). 

The changes in relative survival rates among patients treated by radia- 
tion are generally in line with the total experience for localized cases. The 
improvement in survival between the 2 time periods was greater in 
women under 55 years of age than in older women. Too few patients 
were treated surgically in the earlier time period to yield reliable survival 
rates for individual age groups, so a comparison with results obtained in 
the second calendar period cannot be made. However, as shown in table 
6, for all ages combined the improvement in the 5-year relative survival 
rate was greater for surgically treated patients (from 66 to 88%) than for 
radiologically treated patients (50 to 60%). 

The relatively greater improvement in survival among young women 
with localized cervical cancer coincided with more frequent use of surgery. 
Among women under 55 years of age, with localized lesions, the propor- 
tion treated surgically (with or without radiation) increased from 21 
percent in the first calendar period to 42 percent in the second. The 
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corresponding change among women 55 years of age or older was from 
14 to 18 percent. 

Examination of table 7 reveals that the relatively favorable survival 
results among women under 55 years of age were associated with very 
favorable survival rates in the surgically treated group, during 1945-54. 
The relative 5-year survival rates for women in the 3 younger age groups 
(under 35, 35-44, 45-54) were 98, 93, and 86 percent, respectively. The 
corresponding rates for radiologically treated patients were 62, 62, and 64 
percent. The difference in survival rates between surgically and radio- 
logically treated patients is not materially reduced by including in the 
surgical series all surgically treated patients, irrespective of the final 
classification as to stage. The rates for all surgically treated patients, 
for the age groups under consideration, were 96, 90, and 79 percent. Thus, 
even if we assume that only tumors presumed to be localized, on clinical 
evidence, were selected for surgery, we find that surgery is associated with 
substantially better survival results than radiation. 

The sharp contrast in the survival rates for surgically and radiologically 
treated patients, especially among women under 55 years of age, leads one 
to ask whether the figures provide a firm basis for evaluating the relative 
merits of the two methods of therapy. The answer is no. We do not 
know to what extent a specific treatment method was responsible for the 
observed results, and to what extent the survival rates reflect selection 
of patients on the basis of clinical characteristics about which we have 
no information. The available data do not permit us to determine the 
number of “surgical rejects” included in the radiologically treated group, 
nor the number of radiologically treated patients that might be classifiable 
as eligible for surgery. It is clear, however, that whatever the criteria for 
selection may have been, the survival results in the group treated by sur- 
gery only were very favorable. We do not know whether equally favor- 
able results would have followed if these patients had been treated 
radiologically. 

An intensive review of the case histories of patients with cancer of the 
cervix is now in progress. More clinical details than are now at hand are 
being abstracted by a medically trained investigator. The study is in- 
tended to measure the influence of various clinical characteristics on the 
survival rates observed in each of the treatment categories. Similar 
studies in other areas, and in a variety of medical institutions, are needed 
to check the representativeness of the Connecticut findings. A rereading 
of a sample of histological slides may be desirable to evaluate the accuracy 
of diagnosis. If these further studies should lead to the finding that 
surgery is, indeed, associated with more favorable survival rates than 
radiation, two conclusions would be possible: (1) that for patients with 
certain specified clinical characteristics, surgery should be the treatment 
of choice; or (2) that a clinical trial, with random assignment of patients 
to alternative methods of treatment, is required to provide a definitive 
answer. 
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Comparison With Other Series 


Comparison of results reported by different investigators is generally 
very difficult, because one is never sure that the patients in the various 
series are truly comparable. Superior results achieved in one treatment 
center as contrasted with another may be due to differences in the char- 
acteristics of the two patient groups with respect to age, race, socioeco- 
nomic status, general clinical condition, and the extent of the neoplasm 
at diagnosis. Insufficient detail is usually reported to permit adjustment 
for differences with respect to all these factors. The results are frequently 
not reported in a uniform manner, and there may be differences in the 
definition of terms. In addition, one series may include all diagnosed 
cases, both treated and untreated, whereas another series may be restricted 
to cases treated in a specified manner. Nevertheless, comparisons are of 
interest and are constantly attempted. 

At this time, it is of interest to compare the results obtained in the 
State of Connecticut with the results reported from several large medical 
centers in the United States. The Annual Report on the Results of Treat- 
ment in Carcinoma of the Uterus, edited by Kottmeier (4), provides an 
excellent compilation of survival data. Five-year survival rates for 8 
American medical centers, each of which admitted more than 200 patients 
with cervical cancer during 1947-51, are given in table 8. These 8 centers 
admitted a total of 3,205 patients with cervical cancer during this calendar 
period. The 5-year survival rate for the total group was 47 percent. 


This figure may be compared with a rate of 50 percent in Connecticut, 
for patients admitted 1945 through 1954. 

Due to differences in the systems used for classifying stage of disease, 
the results in Connecticut and in these 8 medical centers cannot be com- 
pared within individual stage groups. The Connecticut registry uses a 


TaBLE 8.—Comparison of survival results in Connecticut and various medical centers: 
carcinoma of the cervix 





Percent of cases 
classified as: Percent of 
Total total 
number StageI surviving 
Institution of cases Localized* and IIt 5 yearst 








Connecticut—36 hospitals, 1945-54 2, 094 — 50 
Selected medical centers, § 1947-51 8, 205 61 47 
Johns Hopkins, Baltimore, Md. 339 71 45 
Massachusetts General and Pondville 
Hospitals, Boston, Mass. 410 78 46 
Ellis Fischel, Columbia, Mo. 295 47 36 
Charity Hospital, New Orleans, La. 947 35 40 
Sloane, Columbia Univ., New York 
City 223 78 51 
Washington Univ., St. Louis, Mo. 420 83 59 
Univ. of California, San Francisco, 
Calif. 348 80 56 
Swedish Hospital, Seattle, Wash. 223 66 55 





*Based on all available information at discharge from hospital, 

tClinical staging (International). 

tCrude survival rate—no adjustment for age or expected survival. 

§ Source: Annual Report on the Results of Treatment in Carcinoma of the Uterus (4). 
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3-stage classification, based on all information available at hospital 
discharge. The medical centers report their data in terms of the Inter- 
national 4-stage classification, based on pretreatment information. 

Examination of the data for the individual medical centers reveals that 
the use of a particular staging system in reporting end results does not, in 
itself, make for meaningful comparison of results. In addition to the 
5-year survival rate, table 8 indicates the percentage of cervical tumors 
that were classified as Stage I and Stage II. This percentage varied from 
35 in Charity Hospital in New Orleans to 83 at the Washington University 
Medical Center. A larger percentage of tumors of “limited extent” was 
generally associated with a higher survival rate for the total group of 
cervical-cancer patients, but the association is not very close. For 
example, at Charity Hospital 35 percent of cervical tumors were classified 
as Stage I or II, compared with 47 percent at Ellis Fischel Hospital. 
However, the 5-year survival rate for all cervical-cancer patients was 
higher at Charity Hospital—40 percent versus 36 percent at Ellis Fischel. 
In the absence of much more information, these figures cannot be used for 
evaluating the relative success with which cervical cancers were treated 
in these two institutions. In the first place, the International system for 
classifying stage of disease may be interpreted somewhat differently in the 
two centers. Secondly, the patients admitted to each institution may 
differ with respect to race, age, socioeconomic status, general health, and 
a variety of other factors which may affect prognosis. 

Whether the cases of cervical cancer seen in Connecticut hospitals are 
comparable with the total group of cases seen in the 8 large medical 
centers is not known. The similarity of over-all results is difficult to 
interpret. One can only say tbat there is no evidence that the results in 
Connecticut were different from those in a large series of cases reported 
by a group of 8 medical centers in various parts of the United States. 


CANCER OF THE CORPUS 


The distribution of cases of cancer of the corpus by calendar period of 
diagnosis, age, and stage of disease is given in table 9. The classification 
with respect to stage at diagnosis was based on all available information 
at the time the patient was discharged from the hospital. The 3-stage 
classes were defined in the section on the uterine cervix. 

Follow-up information accumulated through December 31, 1954, is 
summarized in table 10. Of the 657 cases diagnosed during 1935-44, 
39 were lost to follow-up during the first 10 years after diagnosis; an addi- 
tional 29 were lost during the next 10 years. Of the 1,245 cases diagnosed 
during 1945-54, 89 were lost to follow-up during the 10-year period of 
observation for this group. The proportion of patients lost to follow-up 
was relatively small and is not likely to introduce a significant bias into 
the cu: puted survival rates. 

The survival experience, over 15 years of follow-up, of the 657 patients 
with cancer of the corpus, diagnosed during 1935-44, is depicted on the 
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TaBLE 9.—Distribution by age and stage of disease at diagnosis: patients with cancer 
of the corpus diagnosed in Connecticut, 1935-54 





Stage at diagnosis 





Stage un- 
Period and age at diagnosis All stages Localized Regional Distant specified 





Cases diagnosed 1935-44 

Total 
Under 35 
35-44 
45-54 
55-64 
65-74 
75-84 
85 and over 

‘ases diagnosed 1945-54 

Total 
Under 35 
35-44 89 
45-54 332 
55-64 440 
65-74 264 
75-84 92 
85 and over 1l 


ce _ & 
WNIAAO- & 


— 
CwenNnNOOOSO ©& 





left side of text-figure 5. The expected survival experience for a group 
of women from the general population, with an age distribution similar to 
that of the corpus-cancer patients, is shown for comparison. Relative an- 
nual survival rates in successive years of follow-up are shown on the right 
side of the text-figure. 

The annual relative survival rate increased from 81 percent in the 1st 
year after diagnosis to 100 percent in the 11th year. This means that 
during the first 10 years after diagnosis, mortality in the population of 
corpus-cancer patients gradually dropped to a normal level. However, 
this favorable mortality level was not maintained. The relative survival 
ratio decreased after the 11th year, and was reduced to 95 percent in the 
15th year. There were only 56 patients alive at the end of the 15th year. 
The computed survival rates based on observation beyond this point are 
not reliable. The available information suggests that the worsening in 


TaBLE 10.—Summary follow-up data on patients with cancer of the corpus diagnosed 
in Connecticut, 1935-54 





Lost to Withdrawn 
Alive at Died follow-up alive 
Period of diagnosis and beginning during during during 
follow-up interval of interval interval interval interval* 





Cases diagnosed 1935-44 
0-5 years 657 23 
5-10 “ 333 16 
10-15“ 241 28 
15-20 “ 56 1 


Cases diagnosed 1945-54 
0-5 years 1, 245 78 
5-10 “ 305 11 





*Alive on closing date of study, December 31, 1954. 


VOL, 24, NO. 3, MARCH 1960 
536598—60. 2 





534 CUTLER, EDERER, GRISWOLD, AND GREENBERG 
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Text-FiGuRE 5.—Observed and expected survival rates for 15 years of follow-up: 
patients with cancer of the corpus diagnosed in Connecticut, 1935-44. 


the relative survival level continued beyond the 15th year. The distribu- 
tion of causes of death with respect to survival time is being investigated. 
This may explain the observed reversal in relative survival rates. 
Observed survival of patients with endometrial cancer relative to 
expectation based on general population experience is summarized over 
various intervals of observation, in text-figure 6. The relative survival 
rate during the first 5 years after diagnosis was 60 percent. This may be 
contrasted with the corresponding rate of 42 percent for cervical cancer. 
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Text-FiGuRE 6.—Relative survival rates for specified intervals of follow-up: patients 
with cancer of the corpus diagnosed in Connecticut, 1935-44. 
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However, among 5-year survivors, the relative survival levels during the 
next 10 years were about the same for patients with cancers of the cervix 
and of the corpus (see text-fig. 2). The relative survival rate from the 
end of the 5th to the end of the 15th year was 76 percent for cervix and 
77 percent for corpus. 

Survival rates by stage of disease at diagnosis are summarized in table 
11. It is noteworthy that even among localized cases that lived for 5 
years after diagnosis, the survival level was below “normal” during the 
next 10 years; the relative survival rate from the end of the 5th to the end 
of the 15th year was only 80 percent. 


TaBLE 11.—Fifteen years of survival experience, by stage of disease: patients with 
cancer of the corpus diagnosed in Connecticut, 1935-—44* 





Stage at diagnosis 





Follow-up 
interval in years All stagest Localized Regional 





Cumulative survival rates from date of diagnosis 





Crude Relative Crude Relative Crude Relative 








53 60 61 68 31 35 
41 53 48 61 23 30 
30 47 36 54 18 31 


Relative survival rates for 5-year intervals 





Standard Standard Standard 
error Rate error Rate error 











68 2.5 35 6. 0 
3 90 2.7 
4.6 89 4.7 — — 


Relative survival rates to end of 15th year 





Standard Standard Standard 
Rate error Rate error Rate error 











0--15 47 3. 4 54 3. 31 8. 4 
5-15 77 4.8 80 5. — —_ 
10-15 88 4. 6 89 4, 





*All survival rates are expressed as percentages. Relative survival rates are the ratio of observed to expected 
survival. Rates in italics have standard errors between 5.0 and 9.9. Rates with standard errors equal to 10.0 
or larger are not shown. 

tIncludes cases classified as ‘‘distant” and “‘stage unspecified.’”” Of the 33 patients with cancer of the corpus 
diagnosed after the manifestation of distant metastases, only 26 percent survived 1 year; 3 percent survived 5 
years. Of the 38 patients classified as ‘‘stage unspecified,’ 43 percent survived 5 years. 

As shown in text-figure 7, the survival experience of the more recently 
diagnosed patients has been more favorable. There was a definite 
improvement in the 5-year relative survival rate—from 60 percent for cases 
diagnosed in 1935-44 to 72 percent for cases diagnosed in 1945-54. There 
was no change in relative survival during the second 5-year interval after 
diagnosis—88 percent for each period of diagnosis. 

The trend in survival rates among localized cases was very similar to 
that for all stages combined. The number of cases classified as regional 
was small (table 9) and the observed survival rates are not very reliable. 
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TEXT-FIGURE 7.—Comparison of relative survival rates for patients diagnosed during 
1935-44 and 1945-54: patients with cancer of the corpus diagnosed in Connecticut. 
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Treatment 


The percentage of patients treated surgically during the first course of 
therapy increased from 64 during 1935-44 to 76 during 1945-54. There 
was an increase in the percentage treated by surgery in combination with 
radiation, as well as in the percentage treated by surgery only. This 
shift occurred among cases with regional spread at diagnosis, as well as 
among localized cases (table 12). 

The limitations of available data for use in evaluating the relative merits 
of different methods of treatment were discussed in the section on cervical 
TABLE 12.—Percentage distribution by treatment during first course of therapy accord- 


ing to stage of disease and period of diagnosis: patients with cancer of the corpus 
diagnosed in Connecticut, 1935-54 





Stage at diagnosis 





All stages* Localized Regional Distant 





1935— 1945- 1935- 1945- 1935- 1945- 1935- 1945- 
Type of treatment 44 54 44 54 44 54 44 54 





Total number of 

cases 657 1,246 608 962 78 180 33 30 
Percentage distribu- 

tion 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Surgery 34.6 42.1 37.8 462 21.8 345 242 6.7 
Radiation 30.6 19.3 27.6 163 461 23.3 33.3 33.3 
Surgery plus 

radiation 28. 34. 31. 34. 21. 37. 15. 2 
Other treatments . . 1 , j 0. 0. 0 
No treatment ‘ ' , , 10. 4, 27. 3 





*Includes “stage unspecified.” 
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cancer. In spite of the aforementioned limitations, the broad outlines 
of the relationship between method of treatment and survival are worth 
noting. 

As previously indicated, survival among patients with cancer of the 
corpus increased from a 5-year relative rate of 60 percent for cases diag- 
nosed from 1935 through 1944 to 72 percent for cases diagnosed from 1945 
through 1954. The corresponding 10-year relative rates were 53 and 64 
percent, respectively (text-fig. 7). There was no change between the 2 time 
periods in the distribution of cases with respect to stage of disease at diagno- 
sis. Seventy-seven percent of cases in each period were classified as localized 
(table 9). There was, however, a change in treatment policy. The per- 
centage of cases treated by surgery alone increased from 35 to 42 percent; 
the percentage treated by surgery combined with radiation increased from 
29 to 34 percent, while the percentage treated by radiation alone decreased 
from 31 to 19 percent (table 12). Thus, the observed improvement in 
survival was associated with more frequent use of surgery in the treatment 
of corpus cancer. Whereas this temporal association does not demonstrate 
a cause-effect relationship, further examination of the survival pattern in 
each of the 3 treatment groups is very revealing. 

Relative survival rates with respect to treatment during the first course 
of medical care are given in table 13. The observed survival rates for 
patients treated by surgery alone and by surgery combined with radiation 
TaBLE 13.—Relative survival rates by treatment during first course of medical care 


and stage of disease: patients with cancer of the corpus diagnosed in Connecticut, 
1935-44 and 1945-54* 





All stagest Localized Regional 


Rela- Rela- Rela- 
tive Stand- tive Stand- tive Stand- 
Treatment and years after survival ard survival ard _ survival ard 
diagnosis rate error rate error rate =‘ error 








Cases diagnosed 1935-44 
81 3. 5 


89 ; — ss 
98 — — 


41 , 29 
73 . ~ 


81 4 —_ 
97 a — 
92 — 


Sungey 

-5 76 
5-10 88 
10-15 94 

Radiation 
0-5 37 


5-10 70 
Surgery plus radiation 
0-5 76 
5-10 96 
10-15 96 


Po om S99 99 
OPH HO WO 


ae «4 Cases diagnosed 1945-54 
5 


91 2. 4 61 
102 2. 9 —_ 


85 

5-10 100 
Radiation 

47 


78 
5-10 79 


67 6. 2 29 7.9 


85 3. 2 54 8.2 
80 9. 2 —_— 


0-5 
Surgery plus radiation 


oo N NS 





*All survival rates are expressed as percentages. Rates in italics have standard errors between 5.0 and 9.9. 
Rates with standard errors equal to 10.0 or larger are not shown. 


tIncludes “distant” and “stage unspecified.” 
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were relatively favorable. For example, among patients diagnosed in 
1935-44, the 5-year relative survival rate was 76 percent, for each of 
these 2 treatment groups. Relative survival during each of the next two 
5-year intervals of observation was quite favorable (88% or better). In 
contrast, the 5-year relative survival rate for patients treated by radiation 
was only 37 percent; the relative survival rate for the next 5 years was 
only 70 percent. Although the foregoing survival rates pertain to all 
stages combined, the contrast remains essentially unchanged when the 
survival results of all surgically treated patients are compared with the 
results for radiologically treated patients classified as localized. Pre- 
liminary findings suggest that the reversal, after the 11th year of observa- 
tion, in the trend of annual relative survival rates, which was previously 
noted for the total patient group, is due to a sharp reversal among the 
radiologically treated patients. The study of causes of death, now in 
progress, may indicate whether this reversal is attributable to long-term 
harmful effects of radiation therapy. 

As previously indicated, the available information does not permit us 
to evaluate the comparability of patients treated by each of the three 
therapeutic methods, with respect to general clinical characteristics. The 
group treated only by radiation probably contains a considerable number 
of operative rejects. It is noteworthy, however, that the proportion of 
patients treated by surgery increased from 1935-44 to 1945-54, while the 
distribution of patients with respect to stage of disease at diagnosis re- 
mained unchanged. Thus, it appears that some of the patients treated 
surgically during the latter period would have been rejected during the 
earlier one. Yet, in spite of the apparent inclusion of less favorable cases, 
the survival results for surgically treated patients improved. 

The number of cases in each of the age groups was too small to make 
possible a comprehensive analysis of the relationship between age at 
diagnosis and survival. However, there is enough information available to 
suggest that the prognosis for older women is not as good as for younger 
women. It was possible to compute statistically reliable survival rates 
for women in 4 age groups: 35-44, 45-54, 55-64, and 65-74. For 
patients diagnosed during 1945-54, the 5-year relative survival rates for 
these 4 age groups were 91, 81, 75, and 57 percent, respectively. Since 
age is associated with stage, it is noteworthy that a similar relationship 
was observed among localized cases; the corresponding rates were 100, 
89, 83, and 67 percent. 

The observed reduction in relative survival rates with age may be due in 
part to the association between age at diagnosis and the selection of a treat- 
ment method. For example, among localized cases diagnosed from 1945 
through 1954, 90 percent of women under 55 years of age were treated 
surgically (alone or in combination with radiation); 75 percent of women 
55 or older were so treated. In contrast, 8 percent of women under 55 
were treated by radiation alone; 21 percent of women 55 or older were 
treated radiologically. As indicated, the survival rates among women 
treated by radiation were less favorable than those in women treated 
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surgically. As a result, the observed association between survival and 
age is related to choice of therapy. However, the available data suggest 
that even among similarly treated patients, survival is less favorable in 
older women. For example, among localized cases treated by surgery 
plus radiation, the 5-year relative survival rate for the 35-44 age group 
was 96 percent. The rates for the next 3 age groups were 88, 86, and 72 
percent, respectively. (These rates are based on relatively small numbers 
of cases and are subject to considerable sampling variation.) 


Comparison With Other Series 


The difficulty of interpreting end results reported from different insti- 
tutions was discussed in the section on cervical cancer. The Annual 
Report on the Results of Treatment in Carcinoma of the Uterus (4) provides 
data from 3 medical centers in the United States, each of which reported 
on more than 300 cases of cancer of the uterine corpus (table 14). The 
available data for these 3 centers are compared with the findings in Con- 
necticut. As with cervical cancer, one can only say that there is no 
evidence that results in Connecticut are different from the combined 
experience of these 3 medical centers. 


TaBLE 14.—Comparison of survival results in Connecticut and various medical centers: 
carcinoma of the corpus 





Percent of cases Percent 

Total classified as: of total 

number surviving 

Institution of cases Localized* Stage If 5 yearst 








Connecticut—37 hospitals 
1935-44 657 77 53 
1945-54 1, 245 va 65 
Selected medical centers § 1, 205 — 56 
Massachusetts General and Pondville 
Hospitals, Boston, Mass., 1927-51 571 53 
Univ. of Pennsylvania, Philadelphia, 
Pa., 1931-51 312 65 
Univ. of California, San Francisco, 
Calif., 1915-51 322 54 





*Based on all available information at hospital discharge. 

tClinical staging (International). 

{Crude survival rate—no adjustment for age or expected survival. 

§Source: Annual Report on the Results of Treatment in Carcinoma of the Uterus (4). 
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Survival of Patients With Ovarian Cancer, 
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SUMMARY 


We are presenting a survival analysis by 
stage, age, calendar period of diag- 
nosis, and treatment for cases of cancer 
of the ovary diagnosed in the State of 
Connecticut between 1935 and 1954. 
Observed survival is measured relative 
to expected survival in the general 
population. The 5-year relative sur- 
vival rate was about 25 percent. There 
was little change in the relative 5-year 


survival rate from the first 10-year 
calendar period of diagnosis, 1935-44, 
to the second period, 1945-54. However, 
the relative survival rate from the end 
of the 5th to the end of the 10th year 
improved from 79 to 93 percent. The 
outlook for younger women, relative to 
general population mortality, was bet- 
ter than for older women.—J. Nat. 
Cancer Inst. 24: 541-549, 1960. 


THIS IS the third in a series of reports on the survival experience of 
cancer patients diagnosed in Connecticut hospitals during the 20-year 


period 1935-54. The first report dealt with cancer of the breast and 
included a detailed discussion of the analytical method employed (1). 
The second report dealt with cancer of the uterus (2). The data are based 
on information routinely submitted by 36 hospitals to the Tumor Registry 
operated by the Connecticut State Department of Health. [The history 
of the Tumor Registry has been described by Griswold (3) and Green- 
berg (4).] 

The data from the Connecticut registry are unique in that they provide 
information on virtually all persons with cancer in a community, rather 
than on patients admitted to an individual treatment center. Thus the 
data summarized in this report describe the survival experience of the 
average patient with cancer of the ovary. 


1 Received for publication July 2, 1959. 

? This study was made possible, in part, by financial assistance from the National Cancer Institute, National 
Institutes of Health, Public Health Service. The gathering of the basic data was partially supported by grant 
9437; machine processing was supported by contract SA-43-ph-1903. 

* National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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CANCER OF THE OVARY 


We are presenting information on 2,250 cases of cancer of the ovary, 
91 percent of which were microscopically confirmed. We have excluded 
cases with a known prior history of cancer of any site and 7 cases with 
incomplete information. Table 1 gives the distribution of cases by 
calendar period of diagnosis, age, and stage of disease. 


TABLE 1.—Distribution by age and stage at diagnosis: patients with cancer of the 
ovary diagnosed in Connecticut, 1935-54 





Stage at diagnosis 





Period and age at Stage un- 
diagnosis All stages Localized Regional Distant specified 





Cases diagnosed 1935-44 
Total 949 j 236 55 


Under 35 . 20 
35-44 45 
45-54 25: 64 
55-64 26 67 
65-74 : q . 
75-84 
85 and over 

Cases diagnosed 1945-54 

Total 


Under 35 
35-44 
45-54 
55-64 
65-74 
75-84 

85 and over 





We divided the patients into two groups, according to calendar period 
of diagnosis, to evaluate changes over time: 1935-44 (949 patients) and 
1945-54 (1,301 patients). The classification according to stage of disease 
is based on all available information at hospital discharge. The following 
definitions were used: 

1. Localized—cancer is confined to the site of origin. 
2. Regional spread—cancer has passed the bounds of the site of origin; furthest 


spread thought to be limited to neighboring organs or tissues, or to regional lymph 
nodes. 


3. Distant. or remote spread—cancer has spread to organs or tissues beyond 
those immediately draining or neighboring the site of origin. 

Table 2 summarizes the follow-up information available on the 2,250 
patients with cancer of the ovary. Relatively few patients were lost 
track of. Only 86 patients were lost to follow-up within 10 years of 
diagnosis. 


Long-Term Survival Experience 


This discussion is limited to survival experience over a 15-year period 
because of the small number of cases diagnosed more than 15 years prior 
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TaBLE 2.—Summary follow-up data on patients with cancer of the ovary diagnosed 
in Connecticut, 1935-54 





Lost to 
Alive at follow-up Withdrawn 
Period of diagnosis and beginning of Died during during alive during 
follow-up interval interval interval interval interval* 
Cases diagnosed 1935-44 
5 years 949 ‘ 18 
5-10 “ 200 16 
10-15 “ 132 8 
15-20 ‘“ 43 0 
Cases diagnosed 1945-54 
0- 5 years 1, 301 5 44 
5-10 “ 113 1 8 








* Alive on closing date of study, December 31, 1954. 


to the closing date of study, December 31, 1954. The population of women 
with ovarian cancer was depleted very rapidly during the first few years 
after diagnosis (text-fig. 1). This is clear from the steep slope of the 
line depicting the percentage of survivors as of the end of successive 
years of follow-up (“observed,” left side of chart). In contrast, the slope 
of the line depicting the survival experience of the general population of 
women is very gradual (“expected’’). 
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Trext-FIGURE 1.—Observed and expected survival rates for 15 years of follow-up: 
patients with cancer of the ovary diagnosed in Connecticut, 1935-44. 


The relative survival rate shown on the right side of text-figure 1 provides 
a simple arithmetic index of the relationship of observed and expected 
survival in successive years after diagnosis. Survival was very poor in 
the Ist year; the relative survival rate was only 47 percent. This means 
that more than half the women who were expected to survive on the basis 
of general population experience died within 1 year of diagnosis. Survival 
remained poor during the next 2 years; the relative survival rates were 
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74 and 86 percent. A satisfactory survival level was not reached until 
about the 10th year after diagnosis. By that time, less than one fifth 
of the original patient group was still alive. 

The very poor survival experience of women with ovarian cancer during 
the first 5 years after diagnosis and the improvement in relative survival 
during the next two 5-year intervals are summarized in text-figure 2 and 
table 3. It is noteworthy that survival was relatively poor even among 
patients with “localized’’ tumors. The relative 5-year survival rate 
was only 52 percent; the relative 10-year survival rate was only 45 percent. 


TasLe 3,—Fifteen years of survival experience, by stage of disease: patients with 
cancer of the ovary diagnosed in Connecticut, 1935-44* 





Stage at diagnosis 





Follow-up 
interval in years All stages f Localized Regional 





Cumulative survival rates from date of diagnosis 





Crude Relative Crude Relative Crude Relative 





22 24 48 52 20 21 
16 19 38 45 14 16 
14 18 34 45 10 12 


Relative survival rates for 5-year intervals 





Standard Standard Standard 
Rate error Rate error Rate error 





24 1.5 52 3. 2 21 2.8 
79 3. 5 86 3. 9 78 7. 5 
93 4.7 100 4.7 —_ — 


Relative survival rates to end of 15th year 





Standard Standard Standard 
Rate error Rate error Rate error 





0-15 ; 2.9 
5-15 ; . — 
10-15 ‘ : i 





*All survival rates are expressed as percentages. Relative survival rates are the ratio of observed to expected 
survival. Rates in italics have standard errors between 5.0 and 9.9. Rates with standard errors equal to 10.0 
or larger are not shown. 

ftIncludes cases classified as ‘“‘distant” and ‘stage unspecified.”” Of the 364 patients with cancer of the ovary 
diagnosed after the manifestation of distant metastases, only 21 percent survived 1 year; 4 percent survived 5 years. 
Of the 55 patients classified as “stage unspecified,” 20 percent survived 5 years, 12 percent survived 20 years. 


Secular Trend 


There was little change in the percentage of 5-year survivors among 
cases diagnosed from 1945 through 1954 compared with those diagnosed 
in the period 1935-44 (text-fig. 3). The relative 5-year survival rates 
for patients diagnosed in these 2 periods were 26 and 24 percent, respec- 
tively. However, the relative survival rate from the end of the 5th 
to the end of the 10th year after diagnosis improved from 79 to 93 percent. 
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TEXT-FIGURE 2.—Relative survival rates for specified intervals of follow-up: patients 
with cancer of the ovary diagnosed in Connecticut, 1935-44. 
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TExt-FIGURE 3.—Comparison of relative survival rates for patients diagnosed during 
1935-44 and 1945-54: patients with cancer of the ovary diagnosed in Connecticut. 
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As a result, the 10-year relative survival rate increased from 19 to 24 
percent. 


In contrast to the total population of patients with ovarian cancer, 
there was improvement in the relative 5-year survival rate for localized 
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cases. The rate increased from 52 percent for patients diagnosed in the 
first period to 66 percent for patients in the second period. The 10-year 
rate increased from 45 to 61 percent. 


Variation by Treatment 


There was relatively little change in the distribution of cases by mode 
of treatment (table 4). The percentage of untreated ovarian cancers 
decreased very little, from 26.7 to 23.3; the percentage of surgically 
treated patients increased very little, from 60.7 to 64.3 percent. 


TABLE 4.—Percentage distribution by treatment during first course of therapy accord- 
ing to stage of disease and period of diagnosis: patients with cancer of the ovary 
diagnosed in Connecticut, 1935-54 





Stage at diagnosis 





All stages* Localized Regional Distant 





1935- 1945- 1935- 1945- 1935- 1945- 1935- 1945- 
Type of treatment 44 54 44 54 tt 54 44 54 





Total number of 

cases 949 1,301 294 367 236 420 
Percentage distribu- 

tion 


Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Surgery 40.0 43.5 65.7 72.0 32.6 42.6 25.8 21.3 
Radiation 12.5 11.2 3. 7 1.9 165 10.7 162 19.4 
Surgery plus 

radiation 20.7 20.8 24.5 22.6 280 267 12.6 145 
Other treat- 

ments 0. 1 1.2 0. 0 0.8 0. 4 1.4 0.0 61.4 
No treatment 26.7 23.3 6.1 2.7 22.5 186 45.4 43.4 





*Includes “stage unspecified.” 


The survival rates summarized in table 5 indicate that during the earlier 
period, 1935-44, there was little difference in end results obtained by 
surgery as compared with surgery plus radiation. For example, among 
localized cases the 5-year relative survival rate was 56 percent for surgery 
and 58 percent for the combined therapy. However, while the survival 
rates obtained with surgery in combination with radiation remained at 
about the same level during the next period, 1945-54, there was a sub- 
stantial improvement in the rates for patients treated by surgery alone. 
The rate for the first 5 years after diagnosis increased from 56 to 73 per- 
cent; the rate for the second 5 years increased from 88 to 96 percent. 

The data at hand do not provide information on extent of surgery, radia- 
tion dosage, and the various considerations involved in the selection of a 
therapeutic regimen for a specific patient. It is therefore not clear to 
what extent the observed improvement in survival obtained with surgery 
may be due to improved therapeutic techniques and to what extent to 
more careful selection of patients for this therapeutic approach. 
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TaBLE 5.—Relative survival rates by treatment during first course of medical care 
and stage of disease: patients with cancer of the ovary diagnosed in Connecticut, 
1935-44 and 1945-54* 





All stages f Localized Regional 





Rela- Rela- Rela- 
tive Stand- tive Stand- tive Stand- 
Treatment and follow-up survival ard survival ard_ survival ard 
interval in years rate error rate error rate error 





Cases diagnosed 1935-44 
Surgery 
. 6 56 3.9 
.4 88 4.6 
. 5 102 5. 5 


tadiation 


0-5 


Surgery plus radiation 
0-5 


‘ 58 6. 3 36 
5-10 Z ; 80 Pe 90 
10-15 - 96 8.7 wots 


Cases diagnosed 1945-54 


0-5 ; 73 3. 7 27 
5-10 ’ 96 6. 4 106 


Surgery 


tadiation 


0-5 


Surgery plus radiation 
0-5 33 . 6 55 6. 
5-10 86 .9 390 9. 


8 31 
0 





*All survival rates are expressed as percentages. Rates in italics have standard errors between 5.0 and 9.9. 
Rates with standard errors equal to or greater than 10.0 are not shown. 
tIncludes “distant” and “‘stage unspecified.” 


Variation by Age 


The survival experience of patients with ovarian cancer indicates that 
there is a definite association between age at diagnosis and prognosis. 
The outlook for younger women, relative to general population mortality, 
is clearly better than for older women. For example, among patients 
diagnosed in the period 1945-54, the 5-year relative survival rate for 
women under 35 years of age was 74 percent. The corresponding rates 
for the next 5 age groups were 34, 28, 20, 15, and 15 percent. Since, in 
cancer of the ovary, age and stage at diagnosis are strongly associated, 
it is noteworthy that the association between age and the probability 
of survival shows up within both the localized and the regional groups of 
cases. It even shows up among localized cases treated by surgery alone 
(table 6). (This was the only treatment group with enough cases to 
yield usable age-specific survival rates.) Thus, the data at hand suggest 
that irrespective of the stage of the disease, and possibly irrespective of 
the mode of therapy, older women tend to succumb to ovarian cancer 
faster than younger women. 
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Inheritance of Cancer of the Stomach and 
Large Intestine in Man *2 


MADGE T. MACKLIN, M.D.,34 Department of Medi- 
cine, Ohio State University, Columbus, Ohio 


SUMMARY 


Families of 167 patients with gastric 
cancer and of 145 patients with cancer of 
the large intestine were studied to as- 
certain (1) whether there was a genetic 
basis for these cancers, (2) whether any 
genetic basis found was common for 
the two types of cancer, and (3) whether 
there was any evidence of the relative 
roles of genetic and environmental fac- 
tors. Gastric cancer was found signifi- 
cantly more often in the relatives of 
index cases with gastric cancer than in 
the general population, but cancer of 
the large intestine was not. Similarly, 
cancer of the large intestine was found 
significantly more often in relatives of 
index cases with cancer of the large in- 
testine than in the general population, 
but gastric cancer was not. This indi- 
cated that both types of cancer had 
specific factors for induction that did 
not influence the development of the 
other type. Husbands and wives were 
not affected with gastric cancer more 
often than would be expected on the 
basis of random distribution. Parent 
and child, and two sibs, were affected, 


if one showed the disease, with sig- 
nificantly greater frequency than would 
be expected on the basis of random dis- 
tribution. These facts indicate that 
the basis for the increased frequency 
probably lies in the genetic similarity 
between the members of the affected 
pairs, rather than in the environmental 
similarity. Biased ascertainment can- 
not be advanced for this familial simi- 
larity, because the same relationships 
hold for families in which the index case 
was not chosen because of gastric cancer 
as in those families in which the index 
case had gastric cancer. No simple ge- 
netic pattern of inheritance exists, par- 
ticularly in families with gastric cancer 
and in those families with cancer of the 
large intestine, in which there is no mul- 
tiple polyposis, so that the genetic basis 
for both cancer of the stomach and large 
intestine is very probably polygenic. 
This study did not show any common 
environmental factor in the history of 
the patients.—J. Nat. Cancer Inst. 24: 
551-571 1960. 


SEVERAL STUDIES have been made on the question of inheritance of 


gastric cancer. 


The degree to which the genetic background influences 


the development of the disease differs somewhat according to the study 


1 Received for publication June 26, 1959. 


? This work was sponsored by a grant from the Field Investigations and Demonstrations Branch, National 
Cancer Institute, National Institutes of Health, Public Health Service. 

3 Present address: 37 Gerrard Street, London, Ontario, Canada. 

‘I wish to thank Dr. Charles Holzer and his staff at Holzer Hospital, Gallipolis, Ohio, for their cooperation in 
giving me access to their records and the names of the patients. 


551 





552 MACKLIN 


made, as some workers find evidence for greater genetic participation than 
others. The present study was undertaken on a sample of the population 
of Ohio, and consisted of 125 patients with pathologically diagnosed 
carcinoma of the stomach and 109 patients with similarly diagnosed 
carcinoma of the rectum or large intestine, who had had surgery in the 
hospitals of Columbus during 1952 through 1955, and whose families 
were available for interview. An additional 46 patients with gastric 
carcinoma and 36 with cancer of the large intestine were secured from the 
Holzer Hospital, Gallipolis, Ohio. Of the 316 patients, 4 had to be ex- 
cluded since no history could be obtained: 94 were private patients and 
218 clinical. 

The questions to be answered were as follows: (1) Is there evidence that 
gastric cancer is unduly frequent in the families of gastric-cancer probands? 
(2) Are the factors causing this increase specific for stomach, or is there a 
common basis for all cancer of the gastrointestinal tract? (3) Is there 
evidence that cancer of the large intestine is unduly frequent in relatives 
of patients with this type of cancer when the hereditary pattern in families 
with multiple polyposis is lacking? (4) Is there evidence that these 
factors are, in part at least, genetic, and as important as environmental 
factors? The answer to all these questions appears to be “‘yes’’; the answer 
to the second question is that there appear to be specific factors for cancer 
of the stomach and others for cancer of the large intestine. 


MATERIAL 


Names of patients who had had surgery for gastric cancer or cancer 
of the large intestine, in any of the Columbus hospitals, were acquired 
from the Tumor Registry of the University Hospital. Then a field worker 
called on these patients and took the family history. Frequently, inter- 
views revealed that the gastric-cancer patient had died of the disease, 
before the interview. The family history was then obtained from a living 
sister, brother, or child of the patient. Since the age at which gastric 
cancer develops is usually in the 60’s or 70’s, information on the grand- 
parents, the parents, aunts, and uncles was difficult to secure. The 
children of the patients were not yet in the age range in which gastric 
cancer is frequent, so that some of the family histories centered only 
around the brothers and sisters of the patient. Moreover, the diagnosis 
of internal cancers of grandparents, and in the parental generation, even 
if found, was not too reliable. However, the data for the State of Ohio, 
which were to serve as the control, were subject to the same disadvantages 
for the same decades, so that all available material was collected on 
grandparents and parents. 

As described in a paper on breast cancer (1), all death certificates of 
relatives were secured from all States and Canada, when possible, and all 
living relatives were either visited or written to, to confirm or correct the 
information offered by the patient or his family. No case of gastric or 
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large-intestine cancer was coded as such unless the diagnosis was stated 
on the death certificate. 

The possible sources of bias in a study such as this have been discussed 
in the study on breast cancer (1), and they apply here, with the exception 
that no control samples were used in this study. The population of Ohio, 
from which 95 percent of the death certificates came, served as the control, 
The probands (patients) used in the study did not form a “well-defined 
population” in the epidemiological sense, though their cases were diagnosed 
during the years mentioned. The patients were from Columbus and the 
surrounding towns of the Columbus hospitals, and from the surrounding 
towns of the Holzer Hospital in Gallipolis. There was no evidence that 
they came to these hospitals because their relatives had had cancer of the 
gastrointestinal tract. They came because they were ill and needed 
surgery. 

Only white patients were used, and only rates for white people who 
served as a control were used in the State data. The problem of “better 
recall,’ which is often advanced as a source of bias in studies of this type, 
did not influence the results in this study, for two reasons: (1) Most of 
the patients had died. (2) The statement of the relatives was never taken 
as the final evidence for or against cancer in other relatives. The statement 
on the death certificate was the arbiter of whether cancer of any type 
had occurred in other deceased relatives. Cooperation was excellent in 
the families studied. Many of the relatives of earlier generations were not 
included in the study because their death certificates were unobtainable. 
This eliminated many relatives, except those who had died in old age, 
and in more recent years, so that one might expect a concentration of 
gastric cancer in these relatives, since gastric cancer occurs more frequently 
among those in later life. This objection loses its force, however, when one 
remembers that the percentage of total relatives with gastric or intestinal 
cancer was not being recorded, but only the percentages among small age 
groups, in the form of age-specific proportionate death rates (ASPDR). 

The main source of bias would appear to be that families with multiple 
cases of the cancer in question are likely to occur with more frequency in 
selected samples of the population than in the population as a whole. 
One is likely to find a family with multiple cases through each one of the af- 
fected patients, which lends undue prominence to such families in the 
sample. This will be discussed. No family was used twice if it were picked 
up through two probands, which occurred only once, when both uncle 
and nephew died o” gastric cancer within a few weeks of each other. 


METHOD OF ANALYSIS OF DATA 


ASPDR was used in preference to age-specific mortality rates—the 
latter was difficult to secure for all years, in Ohio. Mortality rates in 
different States may differ widely; hence rates for the entire United States 
might be inapplicable. It was desirable, therefore, to use the ASPDR, 
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since the data were available for Ohio. In the study on breast cancer (1), 
it was shown that the general conclusions were the same, whether one 
used the age-specific mortality rates or the ASPDR, provided that the 
proportion dealt with the ratio of breast-cancer deaths to all deaths, not 
merely to all cancer deaths. Tables were prepared, giving the average 
proportion of deaths in Ohio that were caused by gastric cancer 
or cancer of the large intestine, for each of the decades from 1910 on, 
and the deaths were classified in quinquennial age groups from 40 through 
90+ for males, and from 30 through 90+ for females. The deaths occur- 
ring before 1910 were based on the data for 1910 only. 

The deceased relatives of the cancer probands were then arranged in 
quinquennial age groups and by decades in which they died; the observed 
number of cancers was noted, and the expected number calculated on 
the basis of the ASPDR for Ohio as a whole. The vital statistics of Ohio 
grouped gastric and liver cancer together, before 1940. This was most 
unsatisfactory, since cancer of the liver might have been metastatic from 
many sites other than the stomach; some sites might have been primary 
in the liver. However, the best that one can do is to use the data at hand. 
To check the accuracy of the conclusions based on data collected before 
1940 and after January 1, 1940, the data were divided into two groups: 
(1) deaths before 1940, for which period all deaths « .ignated as caused 
by stomach or liver cancer were grouped as gastric cancer, and (2) deaths 
after January 1, 1940, when only data in which the stomach was stated 
as the site of the cancer were used. 


GASTRIC CANCER 


Table 1 shows the results. Where there should be 334 grandfathers 
and 334 grandmothers, the numbers listed fall far short. Similarly, 
where there should be 167 fathers and 167 mothers, there are only 122 
and 120, respectively. There were 4 fathers and 10 mothers living, with 
a deficit of 41 fathers and 37 mothers for whom no death certificates were 
obtainable. The probability is that many of these had died young so 
long ago that records could not be found. Since the percentage of fathers 
or mothers who died of gastric cancer is not the point at issue, but merely 
the number expected on the basis of a comparable population from Ohio, 
this deficit need not pose as great an obstacle as, at first, it seems. There 
is no reason to assume that death certificates, with gastric cancer as the 
cause of death, were more easily located than others, and all death cer- 
tificates were thoroughly searched for. In many instances the family 
had not stated that cancer of the stomach was the cause of death, so that 
the searcher did not hunt for those particular certificates. 

The number of gastric cancers observed before 1940 was greater than 
the number expected in each of the categories of relatives, with the 
exception of grandfathers and uncles. The total (62), however, was 
significantly greater than the expected (41.4) at the 1 percent level. All 
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values of X?, where appropriate, have had the Yates correction applied. 
The difference between the number of gastric cancers observed and 
expected (29 and 8.9, respectively) after January 1, 1940, was even 
greater than the difference before 1940. The P value for cases after 
January 1, 1940, is less than 0.001. The total number of cases observed 
(91) differs at the 0.001 level from the number expected (50.3). 

Is this excess of gastric cancer in relatives of gastric-cancer probands 
caused by the fact that all types of cancer are found in excess in the 
relatives, and that gastric cancer merely shares in the general increase? 
To answer this question, these same relatives were examined for all other 
types of cancer, apart from the leukemias, reticulum-cell sarcomas, and 
Hodgkin’s disease, not included among the general cancer deaths in the 
Ohio death data. These data are arranged in table 2, with the total 
number of relatives and those who died before and after January 1, 1940, 
the same as in table 1. Before 1940 there were fewer general cancers, 
and after January 1, 1940, a few more than were expected, but the differ- 
ences were not significant. Thus the excess of cancer found in these 


relatives was specifically concerned with the type of cancer which the 
proband had. 


TABLE 2.—Observed and expected frequencies of cancers other than gastric in deceased 
relatives of patients with gastric cancer 





Before 1940 After January 1, 1940 Total 





Relative Observed Expected Observed Expected Observed Expected 





Grandfathers 


1 4.0 0 0. 0 1 4.0 
Grandmothers 9 7.4 0 0. 1 9 7. 5 
Fathers 6 5. 0 1 2.2 7 7.2 
Mothers 9 ye 4 2. 4 13 10. 1 
Uncles 12 13. 2 10 10. 3 22 23. 5 
Aunts 16 19. 6 7 10. 3 23 29. 9 
Brothers 4 37 19 12.9 23 16. 6 
Sisters 9 8. 6 16 13. 0 25 21.6 

Totals 66* 69. 2* 57T 51. 2f 123f 120. 4t 





*X? = 0.12, P>0.70. 
1X? = 0.58, P>0.40. 
1X? = 0.04, P>0.80. 


The first cousins of the probands had also been recorded, since in many 
instances it was from them that information was secured on the parent 
through whom they were related to the proband. If genetic factors are 
in part responsible for the appearance of gastric cancer, cousins would 
be expected to resemble the population averages more nearly than the 
other relatives studied. Moreover, as a group they would be subject to 
the same general environmental factors, such as better diagnosis, recording 
of death records, and dietary standards, existing during the time the 
proband and his sibs lived. The death certificates of the male and female 
cousins were, therefore, examined for the record of gastric cancer. Again 
the division of those dying before or after January 1, 1940, was made 
(table 3). In the male cousins there was no significant difference between 
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the observed and expected values, but in the female cousins the difference 
for those before 1940 was significant at the 2 percent level, and the total 
was also significant in the same range. After January 1, 1940, when 
stomach cancer was recorded separately from liver cancer, the difference 
between observed and expected values was not significant. These data, 
although not proving that gastric cancer has a genetic basis, are not 
opposed to the idea. 

The frequency of cancer other than gastric cancer was determined for 
deceased cousins, and the observed and expected values do not differ 
significantly either before or after January 1, 1940 (table 4). 

The second question as to whether there are common genetic factors 
for cancer of the stomach and large intestine is answered, for this group 
of relatives, in table 5. There was significantly more cancer of the large 
intestine in brothers than would be expected, 9 versus 4.4. The difference 
is significant at the 5 percent level, but the totals for sibs combined are 
13 observed and 8.9 expected, with a P>0.20. Similarly, the P value 
for mothers is almost at the 5 percent level, but when fathers and mothers 
are combined, there were 7 intestinal cancers observed in parents and 
4.3 expected, giving a P>0.20. The reason for combining brothers 
and sisters, and combining fathers and mothers, is that, unless the genes 
or some of them are sex-linked, sons and daughters will inherit equally 
from either parent. The rates must be determined for each sex 
separately, however, since they differ for the two sexes. There were 28 
cancers of the large intestine observed and 28.9 expected. The agreement 
is excellent, and shows that the chances of finding even greater differences 
are more than 90 percent. This table would suggest that the genetic 
factors for the two sites are independent. 


TaBLE 5.—Observed and expected frequencies of cancer of the large intestine in 
relatives of patients with gastric cancer 





Observed Expected 
Relative frequency frequency 





Grandfathers 0 . 8 
Fathers 

Uncles 

Brothers 

Grandmothers 

Mothers 

Aunts 

Sisters 


Sr woyrss 
aoscoecenor 
S2ESSSS5= 





Totals 





CANCER OF THE LARGE INTESTINE 
The data on cancer of the large intestine were treated in the same 
way as those for gastric cancer, except that there was no division of deaths 


before and after January 1, 1940. Table 6 lists in three categories 
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the relatives of probands with pathologically diagnosed cancer of the 
large intestine, those who had intestinal cancer, those who had gastric 
cancer, and those who had any type of cancer. The column under 
‘intestinal cancer” shows that there was an excess of large-intestine cancer 
in every category of relatives listed. It was always significant at the 
1 percent level, and in one instance at the 0.001 level. The total number 
of intestinal cancers was 78; the expected value was 27.2, with a P value 
that was very low. The entire excess of cancers is accounted for by the 
excess of intestinal cancers. There were 126 cancers of other types 
(204-78) and 136.4 were expected; X? = 0.79, P>30 percent. 
Similarly, under the column ‘Gastric cancer” there was only one rela- 
tive (brothers) who showed significantly more gastric cancer than ex- 
pected. The difference between observed and expected in the brothers 
was significant at the 0.05 level. The third column deals with the total 
cancers found in these relatives, and again the difference between the 
observed and expected values is significant only in brothers. This one 
exception may be due to chance and may have no real significance. When 
the differences between the observed and expected values for all cancer 
other than that of the large intestine are tested for significant differences 
as in table 2, the value of P is not significant for any relative, as it is 
greater than 0.99, 0.05, 0.05, 0.70, 0.50, 0.90, 0.20, and 0.99, as one reads 
down the table, from grandfathers through sisters. The conclusion is 
justified that relatives of patients with large-intestine cancer have cancer 
of the large intestine more often than the general population of corre- 
sponding sex, age, and time-of-death distribution. They do not have 
more gastric cancer or more cancers, other than those of the large intes- 
tine, with any significantly greater frequency than the general population. 
The same expectation may be held for cousins of patients with large- 
intestine cancer as that observed for cousins who were more nearly like 
the general population, with respect to stomach-cancer frequency, than 
relatives who are closer genetically. The data were examined to verify 
or to contradict the expectation. Table 7 shows the data for deceased 
male and female cousins. Both had more large-intestine cancer than was 
expected, and the difference between observed and expected was not sig- 
nificant at the 5 percent level. The amount of gastric cancer they exhib- 
ited was not significantly different from the expected value, and the same 
was true for all cancers. Again, the expectation that the number of 
cousins would resemble the figures for the general population is justified. 
The final problem raised in the beginning will now be considered. The 
data were arranged to offer evidence on the relative roles of environment 
and heredity in the causation of gastric cancer. It has been shown that 
the relatives of patients with gastric cancer have significantly more gastric 
cancer than the corresponding population of the State from which they 
were drawn. The question arises as to whether it is the similiarity in 
environmental factors, such as diet and vitamin deficiencies, or whether 
it is the genetic factors which these relatives share that are responsible. 
The answer was sought as follows: If a comparison, showing the fre- 
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quency of gastric cancer, could be devised between persons who share a 
similar environment but not usually a similar heredity, and persons who 
share a similar environment and a similar heredity, light might be shed on 
the problem. 

The classes for comparison were (1) husband and wife who share a 
similar environment for most of their adult lives, but who usually are not 
related, (2) parent and child who share a similar environment during the 
early and middle adulthood of the parent and the infancy of the child, as 
well as having half their heredity in common, and (3) sibs who share 
similar environments during their early lives, and have approximately 
half their heredity in common. Objection could be raised, of course, that 
it might be the early environment, not environment after adulthood, 
which was the deciding factor; hence sibs would be expected to resemble 
each other with respect to gastric cancer more than spouses would, quite 
apart from any genetic considerations. However, the parent-child group 
would be of value in this situation, since similar environment would be 
influential during the adult life of the parent and the early life of the 
child. Any similarity here would then be largely genetic. 

Comparisons were made of these 3 classes to obtain what information 
they might yield. An objection might be that in the selection of samples, 
from a population, for a special trait, the samples are very likely to be 
biased and to contain, with undue frequency, those families in which the 
trait occurs in more than one person. ‘Therefore the 3 classes of persons 
designated were drawn from each of 2 populations. The first group was 
comprised of 167 families whose index case had been a patient with gastric 
cancer, and whose relatives had been studied. These were designated as 
gastric-cancer families, and if any bias existed in the ascertainment, this 
group should show more gastric cancer than the control families. The 
second was a group of 1,165 families whose records had been studied, and 
for whom death certificates were available for most of the relatives. 
These families had not been selected because of a patient with gastric 
cancer, hence were not open to the objection directed against families 
selected for the presence of one index case with gastric cancer. These 
were called control families. ‘They were families in which the initial pro- 
band had had breast, cervical, or skin cancers, and included 246 families 
in which the proband had had no cancer at all. 

The pedigrees of the control families were then inspected for the detec- 
tion of a person with gastric cancer. Whenever a grandparent or parent 
was found with a diagnosis of gastric cancer on the death certificate, the 
record of the spouse of this relative was examined to see (1) whether a 
death certificate was available and (2) whether gastric cancer was the 
cause of death. When the mate with gastric cancer was a male, the entry 
of the death of the other mate was made in the proper box on the sheet 
for wives of men with gastric cancer. When the affected mate was a 
female, the entry was made on the sheet for husbands of women with 
gastric cancer. The boxheads designated the decade of death, and the 
age by quinquennial age groups from 40 through 90+. Males and fe- 
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males were recorded separately, since the ASPDR for gastric cancer was 
different for the two sexes. Uncles and aunts could not be used here, 
since the death certificate of the unrelated person was not available. 

Next, the records of the offspring of persons with gastric cancer were 
inspected for date of and age at death, and for the presence or absence of 
gastric cancer. If a son had died with or without the disease, the entry 
was made on a sheet for sons; similarly, if it were a daughter, the entry 
was made on the sheet for daughters. 

Then sibships were examined for the presence of gastric cancer. Only 
those sibships were used in which neither parent had gastric cancer. If 
either parent had gastric cancer, that group of sibs had already appeared 
as sons and daughters, with or without the disease, on the sons’ and 
daughters’ sheets, hence were not used again on the brother and sister 
sheets. Thus there were six sheets used for the data. Each was arranged 
to show decade of death, and age at death, of the persons entered, and 
each sheet contained the entries for those with or without gastric cancer. 
The sheets were labeled ‘husbands of women with gastric cancer, wives 
of men with gastric cancer, sons or daughters of a parent with gastric 
cancer, and brothers or sisters of a person with gastric cancer.” 

In the gastric-cancer families, the same procedure was carried out, except 
that the patient with gastric cancer who had been the starting point of the 
family investigation was never listed as a child of a parent with gastric 
cancer. Only his sibs were listed as children with or without gastric 
cancer. 

The results are shown in table 8. When one spouse had verified gastric 
cancer, the other spouse had the same condition in 4 of the 95 control 
families examined. On the basis of age, sex, and decade-of-death dis- 
tribution, 4.47 instances of both spouses affected would be expected. 

In the 11 families in which the index case had been chosen because of 
gastric cancer in the family, and in which both parents were dead and 
their death certificates had been obtained, there were no instances in which 
both parents had the disease; 0.42 were expected. The total observed 
was 4, and the total expected was 4.89, which is good agreement, showing 
that the disease appeared in husband and wife on the basis of random 
distribution, not because of any similarity in environment. The prob- 
ability for even greater divergence between the observed and the expected 
values was more than 0.80. To evaluate this finding, the amount of 
gastric cancer in related groups with similar environments must now be 
studied. 

When parents from control families had gastric cancer, 3.88 of the 
deceased sons were expected to have had gastric cancer, but 22 were 
found. This frequency was 5.7 times too high. When parents in the 
gastric-cancer families were found, and their sons, minus the original 
index case, were examined, 0.78 cases of stomach cancer were expected, 
but 4 were observed. This was a frequency 5.1 times too great. There 
are two important facts to be noted here. The first is that, in both sets 
of families, the frequency of gastric cancer was far in excess of the expecta- 
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TaBLE 8.—Observed and calculated frequencies of gastric cancer in persons related 
by marriage or by heredity to a person with gastric cancer 





Second 
spouse 
—_—_—__ Total 
Affected person used Number Observed 
as index case of cases Expected Observed Expected 








Spouse from control 
family 95 4 447 

Spouse from gastric- 4 4. 89 0. 03P>0. 80 
eancer family 11 0 0.42 


Sons 





Parent from control 
family 22 3.88 

Parent from gastric- 92. 25P<0. 0001 
cancer family 4 078 


Daughters 





Parent from control 
family 8 2.62 

Parent from gastric- L 13. 62P<0. 001 
cancer family 2 0.50 


Total 
offspring 





Parent from control 

family 30 «6. 50 
Parent from gastric- 

cancer family 6 1.28 


Brothers 





Sib from control 
family 36 10. 22 


Sib from gastric- 90. 61P<0. 0001 
cancer family 19 6.27 


Sisters 





Sib from control 
family 29 «89.05 


Sib from gastric- 60. 99P< 0. 0001 
cancer family 13 435 


Total sibs 





Sibs from control 

family 65 19. 27 
Sibs from gastric- 

cancer family 32 10. 62 





tion based on population data. The second is that there was no signifi- 
cant difference between the excess found in the families in which gastric 
cancer was the primary condition bringing the family under investigation 
and those in which the finding was incidental: P>0.80. In fact, in the 
latter group, it was slightly higher. 

Of course, before one could say that there was no significant difference 
between the excess amount of gastric cancer found among the sons of the 
control and gastric-cancer families, the age distribution and the decade-of- 
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death distribution of the sons in the control and gastric-cancer families 
had to be compared. The two groups were so similar in both these respects 
that the tests for significance yielded the following results, respectively: 
X? = 4.67 (df. = 9), P>0.80 and X? = 3.28 (d.f. = 5), P>0.50. There 
had evidently been no bias of ascertainment in these families with gastric 
cancer. The excess was similar in both groups; X? = 0.03, P>0.80. 

Similar results are obtained when one investigates the number of 
daughters, with gastric cancer, of parents in the control and gastric-cancer 
families. There were 2.62 expected in the control families, and 8 were 
observed, which is 3.05 times too many. There were 0.50 expected and 2 
observed in the gastric-cancer families, or 4 times too many. Again, a 
test for similarity of age distribution of the daughters of the control and 
gastric-cancer families had to be applied. It gave X? = 13.10 (d.f. = 10), 
P>0.20; and for similarity in period of death, X? = 2.96 (d.f. = 5), P>0.70. 
Since the two groups were similar, they could be tested for difference with 
respect to the excess of gastric cancer they showed. The difference was 
not significant, as the two values were almost identical: P>0.99. This 
confirmed the findings on sons with gastric cancer. 

When sons and daughters were combined, the X? value is not given, 
since some sons and daughters were in the same family, thus reducing 
the number of families below the total shown in the sections for sons and 
daughters. Similarly, the X? value is not shown for the total sibs in the 
table. 

Similar findings were obtained when brothers and sisters were used for 
comparison. Among 285 brothers of a person with gastric cancer, in the 
control families, there were 10.22 gastric cancers expected, but 36 were 
noted. This was 3.5 times the expected number. Among the 198 brothers 
of a person with gastric cancer, in the families selected for gastric cancer, 
there were 6.27 cases expected and 19 were found. This was 3 times 
the calculated value. It is clear that there is a concentration of gastric 
cancer in the brothers of people who have the same condition, and that 
the families selected for the presence of a gastric-cancer patient have no 
greater concentration of cancer of the stomach than families selected 
because of other cancers, or because of the absence of cancer in the index 
case. 

The brothers from the control and gastric-cancer families were then 
tested for similarity of decade-of-death and age-at-death distribution. 
The age at death was sufficiently similar so that the probability of obtain- 
ing even greater divergence was greater than 0.10. The decade-of-death 
distribution was quite dissimilar because the families who were used as 
the control group were collected for the most part before the end of 1951. 
The death certificates of the gastric-cancer families were collected from 
1952 through 1958, and thus permitted a large number of brothers (also 
of sisters in whom the same situation is found) to be listed as dying in 
the 1950’s, in contrast to the control group which had been collected 
almost entirely before 1950. Thus, of 285 deceased brothers in the 
control group, 269, or 94.3 percent had died before 1950; whereas in the 
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gastric-cancer group, only 140, or 70.7 percent, of the 198 brothers died 
before 1950. When this fact is recognized, and the group that died after 
January 1, 1950, is separated, the two groups are compatible for age 
distribution in the two periods of time. The comparison of the control 
group can then be made directly with the gastric-cancer group. Testing 
for similarity of excess of gastric cancer in the two groups gives X? = 1.40 
(d.f. = 1), P>0.20. 

The sisters were treated similarly. Among 250 deceased sisters of 
persons found in the control families, 9.05 were expected to have had 
gastric cancer on the basis of their age and time-of-death distribution, but 
29 such sisters were found, or 3.2 times the expectation. Among the 146 
sisters in the gastric-cancer families, 4.35 gastric cancers were expected, 
and 13 were found, or 2.98 times the expectation. There were 250 
families in the control group, of whom 35, or 14 percent, died after Jan- 
uary 1, 1950. There were 146 in the gastric-cancer group, of whom 44, 
or 30 percent, died after 1950. When those who died before 1950 were 
separated from those who died after 1950, the age and decade-of-death 
distribution were similar in those who died before 1950, and the age 
distribution was similar in the groups that died after January 1, 1950. 
The hypothesis that both sets of sisters were drawn from the same popula- 
tion, as far as the frequency of gastric cancer was concerned, was then 
tested: X? = 0.71 (d.f. = 1), P>0.30. 

To summarize the findings of this table, it is evident that when two 
people such as husband and wife share the same environment in adult 
life, but not the same heredity, they both develop gastric cancer in the 
numbers expected on the basis of random distribution of the disease. 
When two people share the same environment in their childhood and 
early life, plus a similar heredity, they both evince gastric cancer, if one of 
them does, with a significantly increased frequency over that expected on 
the basis of random distribution. A control which is lacking at this 
point is one to determine the frequency with which two children develop 
gastric cancer, who share a similar environment in their youth, but not a 
similar heredity, such as children from foster homes. Finally, when two 
people, sharing the same environment through the early years of one of 
them and the early adulthood of the other, share half their heredity, the 
two develop gastric cancer if one of them does, with significantly greater 
frequency than expected on chance distribution. These findings suggest 
a strong genetic basis for gastric cancer. 

These observations hold true equally for pairs selected from families 
not chosen originally for the presence of gastric cancer, and for pairs taken 
from families that were studied because of gastric cancer in a patient. 
This would preclude any attempt to explain away the evidence in favor of 
genetic factors on the basis that there was a bias in collecting the data. 

Text-figure 1 shows the family with the highest concentration of proved 
gastric cancer found in the entire study. The reason for including this 
figure is not only to show the family relationships but to point out that 
this family was not secured through one of the gastric-cancer patients, 
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but was obtained through interviewing the proband, III 17, a woman 
with breast cancer. This was the only instance of breast cancer in the 
family of gastric-cancer relatives. Had this been secured in the gastric- 
cancer study, the allegation of “biased ascertainment’’ would have at 
once reduced its significance. 
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TEXT-FIGURE 1.— 
I: 1, died in his 30’s, no death certificate (D.C.); 2, died at 96; 3, died at 74; 4, 


died at 84. 


II: 1, died at 96; 2, 2 uncles and 1 aunt, no information; 3, died at 65; 4, died at 


III: 


80; 5, died at 77, gastric-cancer operation and D.C.; 6, died at 61, gastric- 
cancer operation and D.C.; 7, died at 74, gastric-cancer operation and D.C.; 
8, died at 55, gastric-cancer operation, died later of nephritis; 9, died at 61, 
gastric-cancer operation and D.C.; 10, living at 76. 

1, living at 59 and 65; 2, gastric-cancer operation at 62; 3, rectal-cancer opera- 
tion at 48; 4 to 9, living at 43 to 58; 10, 11, 12, 14, 18 to 22, living at ages 40 
to 68; 13, died at 44; 15, died at 63, rectal-cancer operation and D.C.; 16, 
living at 58, has developed cancer of rectum since chart was made; 17, proband, 
with breast cancer, living at 57; 23, died at 61, gastric-cancer operation and 
D.C.; 24, died at 50; 25, living at 67; 26, died at 61, gastric-cancer operation 
and D.C.; 27, died at 61, gastric-cancer operation and D.C.; 28, died at 53; 
29, operation for rectal cancer at 60; 30, removal of rectal and colonic polyps 
at 45, living at 58; 31, operation for rectal cancer at 55; 32, living at 52; 33, 
35, 37, and 41, died at 72, 26, 70, and 58, respectively; 34, 36, 38 to 40, 42 to 
46, living at 57 to 76; 47, 48, 50, 51, and 52, living at 49 to 73; 49, died at 42; 
54 to 61, living at 25 to 42. 


DISCUSSION 


Not many studies have been made on possible genetic factors that 
cause gastric carcinoma, and the results have not always been in accord. 
Hagy (2), reporting on a small series (86) of gastric-carcinoma families, 
controlled by 60 families in which the proband on examination gave no 
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sign of any cancer, found that, although there was a tendency for gastric 
cancer to occur more frequently in the relatives of gastric-cancer probands 
than in the relatives of the controls, the difference was not statistically 
significant and could have arisen by chance alone. Hagy’s findings are 
open to criticism for several reasons: 

1. He verified the records of cancers of all kinds in only 65.7 percent 
of the gastric-cancer series and in only 50 percent of the control series, yet 
in his analysis accepted the remaining 34.3 and 50 percent, respectively, 
as verified cases of cancer. 

2. Although he tested the control and gastric-cancer relatives for 
similarity of age distribution, it is apparent from his text that he included 
all the relatives studied, deceased and alive, in the analysis. Gastric 
cancer is one type of cancer which is usually not diagnosed until late, so 
that the lifespan after operation is short; hence there will be few cases 
of gastric cancer found among the living relatives. For example, in the 
series of families included in the present study, there were approximately 
1,000 living female relatives between the ages of 30 and 90+, most of 
whom were in the age range of 60 and beyond, yet not one gastric cancer 
was reported in that group. In 750 living male relatives past the age of 
40, there was only one gastric cancer case found, an uncle who had just 
had surgery at the time he received the questionnaire. If there were 
disproportionate amounts of living relatives in Hagy’s two groups, his 
results, depending upon the bias in the data, could show either too much 
or too little gastric cancer in the relatives of the gastric-cancer probands. 

3. Although he tested for similarity of age distribution, he apparently 
did not test for similarity in time-of-death in the two populations. The 
proportion of all deaths that are caused by gastric cancer has increased 
in each decade. The factors for this increase may be better diagnosis, 
better recording, and increased age of the population. Whatever the 
underlying factors may be, the year of death of the relatives in the gastric- 
cancer and control populations should be taken into consideration, and 
the expected numbers determined from the appropriate years of death. 
It is impossible to say what would have been the findings in Hagy’s small 
series of cases had he used only verified instances of gastric cancer (veri- 
fied as far as was compatible with the accuracy of the death certificates 
for the individuals and for the data of the State of Texas from which they 
were drawn), mortality rates, if he wanted to include the living as well as 
the deceased relatives, or ASPDR, if he included only the deceased. 
He found 1.2 percent of relatives with gastric cancer in his gastric-cancer 
series, and 0.5 percent in his control, but these percentages represented 
only 13 and 4 actual cases, respectively, so that the difference is not 
statistically significant (1.7 times the standard error of the difference). 
One cannot use his observation, that there was an increased tendency 
to gastric cancer among the relatives of patients with gastric cancer, 
with any more assurance than one can accept his statement that the 
difference was not statistically significant. 

Woolf (3) using the families of Utah, especially those of the Mormon 
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church, studied the genetic aspects of breast and gastric cancer. He 
first selected names from death certificates, between 1940 and 1950. 
These were followed to obtain a living relative who could give information, 
and if possible, who was linked with the Genealogical Study of Mormon 
Families on file with the Mormon church. He used ASPDR to determine 
the number of gastric-cancer deaths expected in the relatives studied 
(parents and sibs, separated by sex). He found a total of 44 gastric can- 
cers in these relatives, when 25.3 were expected on the basis of sex, age, 
and time-of-death distribution. The probability of this being due to 
chance sampling was less than 0.001. He then compared the frequency of 
gastric cancer in the spouses of patients with gastric cancer to test the 
influence of nongenetic factors. In a series of 540 persons with gastric 
cancer, he found that, in 18 instances the spouse also had died of gastric 
cancer. The expectation was 18.2, almost perfect agreement, showing 
that similarity of nongenetic factors in husband and wife did not increase 
their chances of dying of gastric cancer if one of the mates had died of it. 

One possible criticism of Woolf’s data is that the method of collecting 
the probands leads to biased ascertainment. He examined death certifi- 
cates of Utah families for a 10-year period. If two or more sibs had died 
of gastric cancer, in Utah in that period, he would have found that family 
through each of the affected sibs, which would insure the inclusion of that 
family. Since various reasons caused him to discard all except 200 of the 
stomach-cancer probands, he was dealing not with the entire population, 
but with only a sample of it. His table 22 reveals that he found 14 
instances of one sib, and 1 instance of two sibs, in addition to the index 
case, who died of gastric cancer in the period 1940-50. Since families 
living in Utah had been specifically sought, presumably most of these 
relatives in addition to the index case had been picked up in the search 
of Utah records. But when Woolf tested the frequency of distribution of 
families, by the Poisson distribution, with no, one, or two additional rela- 
tives, he found excellent agreement, which indicated that his series was not 
weighted unduly with families exhibiting multiple cases. 

Videbaek and Mosbech (4) studied the inheritance of gastric cancer in 
302 cases and used samples of the population from homes for the aged 
and from other sources as controls. They found gastric cancer approxi- 
mately 4 times as often in the relatives of the cancer series as in the rela- 
tives of the controls. 

Hanhart (5), who found no evidence for hereditary transmission of 
cancer, used the following argument: He found 33 families in which both 
parents had gastric cancer. They had a total of 97 children who had 
reached the age of 40 (presumably both living and dead). Only 11 of 
these had developed gastric cancer, which Hanhart considered as sug- 
gesting the lack of a specific hereditary predisposition to cancer. Since 
there was no statement as to how many of the 97 children were living, 
how many were dead, or the ages at which they died, and no comparison 
of the rates in these families compared with the rates for gastric cancer in 
all Switzerland, it is obvious that no conclusion can be drawn from such 
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data. On this basis, one might almost be justified in saying that 11 
percent of total offspring living and dead, many of whom were undoubtedly 
in the age range too young to have developed gastric cancer as yet, was 
rather good indication of specificity of cancer inheritance, since 11 percent 
of the population of most countries, who are living past 40, are not found 
to have gastric cancer. 

With respect to cancer of the large intestine, only one family in the 
present study was said to have had multiple polyposis, and, in that, the 
grandmother, 3 of her 9 children, and 2 of the children of one of these had 
died of cancer of the rectum. In all other families, the pattern of inherit- 
ance was much less direct. 

Woolf (6) has made a study on cancer of the large intestine in families 
who were, as far as could be determined, not families in which multiple 
polyposis was the basis of the cancer. Not many death certificates state 
whether multiple polyposis was present or not; hence it could not be 
definitely stated that these were families in which this condition was not 
present. Dukes, in an address before the Detroit Cancer Society in 1957, 
stated that multiple polyposis was a relatively rare disease, so that pre- 
sumably most cases picked up by Woolf in his study and in this present 
one are not instances of cancer based upon multiple polyposis. The fact 
that, in the 242 families studied by Woolf in which at least one death 
certificate of a parent or sib in addition to the index case was secured, 
there were 221 families in which the additional relative did not have 
intestinal cancer would indicate that most of his families were not examples 


of multiple polyposis. His controls were persons of the same age, sex, 
and year-of-death whose death certificates were the next in order in the 
file after the death certificate of the index case. He found 26 cases of 
cancer of the large intestine in the relatives of probands with that type 
of cancer, in contrast to 8 cases in the matching controls: P<0.01. He 
concluded that there was a definite genetic basis for cancer of the large 
intestine, which did not give evidence of being based on multiple polyps. 


REFERENCES 


Macxun, M. T.: Comparison of the number of breast-cancer deaths observed 
in relatives of breast-cancer patients, and the number expected on the basis 
of mortality rates. J. Nat. Cancer Inst. 22: 927-951, 1959. 

Haey, G. W.: A familial study of gastric carcinoma. Am. J. Human Genet. 6: 
434-447, 1954. 

Wootr, C. M.: Investigations on genetic aspects of carcinoma of the stomach 
and breast. Univ. Calif. Publ. in Pub. Health 2: 265-350, 1955. 

VimmEBAEK, A., and Mossecu, J.: The aetiology of gastric carcinoma elucidated 
by a study of 302 pedigrees. Acta med. scandinav. 149: 137-159, 1954. 

Hanuakt, E.: Lack of hereditary transmission of cancer. (Abstract.) J.A.M.A. 
125: 876, 1944. 

Wootr, C. M.: A genetic study of carcinoma of the large intestine. Am. J. 
Human Genet. 10: 42-47, 1958. 


VOL. 24, NO. 8, MARCH 1960 








Glutamine Metabolism of Chick-Heart Tissue, 
Rat-Heart Tissue, and Human Hypertrophic 
Cervical Tissue Cultivated in Synthetic Media ' 


B. P. GOTHOSKAR, P. N. RAINA, S. S. TATE, and 
Cc. V. RAMAKRISHNAN,’ Biochemistry Department, 
Baroda University, Baroda, India 


SUMMARY 


Chick-heart tissue explants differ from enzyme glutamine synthetase, which 
those of rat-heart tissue and human _ effects the synthesis of glutamine from 
hypertrophic cervical tissuein thatthey glutamic acid.—J. Nat. Cancer Inst. 24: 
do not require glutamine for growthina 573-579, 1960. 

synthetic medium and they possess the 


THE NONREQUIREMENT for glutamine by chick-heart tissue ex- 
plants (1, 2) cultivated in vitro and the requirement for glutamine by 


isolated cell lines, such as strain L (3, 4), strain HeLa (4, 5), Walker 
carcinosarcoma 256 (6), and rabbit fibroblasts (7) have been reported. 
Pasieka and Morgan (8), using the same medium for the cultivation of 
freshly prepared explants of monkey-kidney tissue and of monkey-kidney 
cells obtained after trypsinization, found that in the former glutamine 
accumulates in the medium whereas it is removed in the latter. However 
the nonrequirement of glutamine by monkey-kidney cells when t-aspartic 
acid, L-asparagine, and t-glutamic acid are supplied to the medium in 
lieu of glutamine has been reported (9). The observation, made by 
Pasieka, Morton, and Morgan (10), that during the early period of cul- 
tivation of chick-heart tissue explants the glutamine content of the 
medium increases whereas the glutamic acid content decreases suggests 
the amidation of glutamic acid to glutamine through the mediation of 
an enzyme system. This suggestion is strengthened by the recent detec- 
tion of glutamine synthetase in HeLa cells (11) and chick-heart tissue (12). 

These studies suggest that the glutamine requirement may be deter- 
mined by a number of factors: mode of cultivation (8), enzyme make-up 
of the culture, with particular reference to glutamine synthetase (11, 12), 
and composition of the medium (9). Investigations were undertaken in 
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this laboratory to determine whether the reported difference in glutamine 
requirement between chick-heart tissue and other tissues still persists 
when the latter are also cultivated as explants and, if so, to investigate 
whether this difference is accompanied by differences in glutamine synthe- 
tase activity. 

Freshly prepared explants of adult chick-heart tissue, adult rat-heart 
tissue, and human hypertrophic cervical tissue were cultivated in a 
synthetic medium with and without glutamine, and the glutamine and 
glutamic acid contents of the medium and the glutamine synthetase 
activity in the explants were determined at different stages of cultivation. 
The results of these investigations are recorded in this communication. 


MATERIALS AND METHODS 


Media.—Medium M 150 of Morgan, Campbell, and Morton (13), 
with and without glutamine, was used in these investigations. Materials 
used for the preparation of the media were of research grade purity and 
the method of preparation was the same as that described by Morgan 
et al. (13). 

Tissues—Hearts of adult leghorn hens and adult albino female rats 
removed under aseptic conditions were used for these experiments. 
Human hypertrophic cervical tissue was obtained from the General 
Hospital, Baroda. 

Preparation and cultivation of cultures—The tissue was transferred 
under aseptic conditions to a sterilized petri dish containing 5 ml. of 
Hanks’ balanced salt solution, BSS (14), to which antibiotics were added. 
The tissue was washed free of blood, large blood vessels removed, and the 
remaining tissue chopped with cataract knives into small portions. The 
chopped tissue was gently washed with two changes of Hanks’ BSS and 
then minced with a pair of small curved scissors. Only small fragments 
of uniform size were retained for the experiments. Average wet weight 
of the fragments was 200 ug. 

The fragments were lifted individually from the petri dish, with a 
stainless-steel needle with a bent apex, and placed on the inner surface 
of a sterilized pyrex test tube, 5 X % inches, approximately 1 cm, 
above the bottom of the tube. A period of 40 minutes sufficed for the 
explant to become fixed to the glass surface. For depleting the nutri- 
tional carry-over present in the tissue explant (15), 0.5 ml. of Hanks’ 
BSS containing antibiotics was added to each culture tube. The tubes 
were then closed tight with sterilized rubber stoppers, placed almost 
horizontally so as to allow the fluid layer to cover the explants, and 
incubated at 37° C. for 30 hours during which period they were kept 
stationary. After this initial depletion, the fluid was removed from the 
cultures and 0.5 ml. of the experimental medium added. They were 
then restoppered and cultivated by the conventional roller-tube method 
(16). The medium from the cultures was replaced every 3d day. 

For enzyme studies the cultures were prepared and cultivated similarly, 
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but with the variation that 20 explants were placed in each tube, the 
explants being arranged in 4 rows so that they were at least 1 mm. away 
from one another and the lowest row was 1 cm. above the bottom of the 
tube. The cultures were then subjected to the same procedure of initial 
depletion and cultivation. 

For the collection and analysis of the medium, batches of 20 tubes 
were taken out every 3d day and the medium from the tubes was pooled 
in a sterile centrifuge tube and centrifuged at 1560 X g for 15 minutes. 

For the estimation of glutamine and glutamic acid, a 5.0-ml. aliquot 
of the supernatant was transferred to a small evaporating dish, con- 
centrated in vacuo to dryness, and reconstituted in 0.2 ml. of 95 percent 
ethanol. The salts were eliminated as undissolved residue and the super- 
natant, which was obtained by centrifuging the ethanol extract, was 
used for the estimation of t-glutamine and pt-glutamic acid by the cir- 
cular paper-chromatography technique described by Nath, Rao, and 
Giri (17). Butanol-water-acetic acid (40:7:5) was used as the solvent 
system for the separation and estimation of glutamine, and phenol- 
isopropanol-water (70:5:25) as the solvent system for the separation 
and estimation of glutamic acid. To verify the reliability of this method 
glutamine and glutamic acid from a mixture of known composition were 
estimated first by this method and then by those described by Speck (18) 
and Wood (19); the values obtained were in close agreement, 7.¢., within 
the range of 5 percent. 

Detection of glutamine synthetase activity in cell-free extracts of tissue 
explants—For the preparation of cell-free extracts, the culture tubes 
were removed in batches of 50 (each tube containing 20 explants) and 
kept in a cold room at 0° for 60 minutes. The medium was then removed 
and the tubes washed twice with quick changes of ice-cold Hanks’ BSS 
and drained thoroughly. The explants were then scraped off the glass 
surface by means of a stainless-steel needle with a bent apex and pooled 
in &@ pyrex test tube kept in ice. In order to remove any adhering tissue 
left in the culture tubes, they were rinsed with 1 ml. of ice-cold sodium- 
bicarbonate buffer, 0.02 m, pH 7.4, poured from tube to tube, and finally 
collected in the tube containing pooled explants. This procedure was 
repeated thrice. More buffer was added to make up a volume of 4 ml. in 
the tube, and the explants were homogenized with a glass homogenizer 
for 15 minutes in a cold room at 0°. The homogenate was centrifuged 
in a refrigerated centrifuge at 18,400 X g and 0° for 20 minutes. Glutamine 
synthetase activity in the supernatant was estimated according to the 
method described by Gothoskar, Raina, and Ramakrishnan (12). The 
protein of the extract was determined by the method of Warburg and 
Christian (20). All the estimations were done in quintuplicate. 


RESULTS AND DISCUSSION 


Text-figures 1 and 2 show the glutamine and glutamic acid contents of 
medium M 150 during the cultivation of chick-heart tissue, rat-heart 
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Texr-ricure 1. Text-ricure 2. 
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TEXT-FIGURE 1.—Glutamine content of medium during cultivation of tissue explants 
in medium M 150. A = chick-heart tissue, B = rat-heart tissue, C = human 
hypertrophic cervical tissue. 


TEXtT-FIGURE 2.—Glutamic acid content of medium during cultivation of tissue explants 
in medium M 150. A = chick-heart tissue, B = rat-heart tissue, C = human 
hypertrophic cervical tissue. 


TExtT-FIGURE 3.—Glutamine content of medium during cultivation of chick-heart 
tissue explants in medium M 150 with glutamine omitted. 


TExtT-FIGURE 4.—Glutamic acid content of medium during cultivation of tissue 
explants in medium M 150 with glutamine omitted. A = chick-heart tissue, 
B = rat-heart tissue, C = human hypertrophic cervical tissue. 


tissue, and human hypertrophic cervical tissue explants. Text-figures 3 
and 4 show the same, with glutamine omitted from the medium. 
It can be seen from the figures that explants of chick-heart tissue differ 
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from those of rat-heart tissue and human hypertrophic cervical tissue in 
the following respects: 

(1) There is a decrease in the glutamic acid content of the medium in 
which chick-heart tissue explants are cultivated whereas there is an 
increase in the same when explants of rat-heart tissue and human hyper- 
trophic cervical tissue are cultivated. 

(2) The reverse change takes place in the glutamine content of the 
medium—the glutamine content of the medium increases when chick- 
heart tissue explants are cultivated and decreases when those of rat-heart 
tissue and human hypertrophic cervical tissue are cultivated. 

(3) As judged by glucose utilization, omission of glutamine from the 
medium has no effect on the survival period of explants of chick-heart 
tissue whereas it considerably shortens the period of survival for the 
explants of the other two tissues. 


The increase in glutamine content and the decrease in glutamic acid 
content of medium M 150 when chick-heart tissue explants are cultivated, 
and the occurrence of the reverse phenomenon when those of rat-heart 
tissue and human hypertrophic cervical tissue are cultivated, plus the 
observation that the survival of chick-heart tissue is unaffected when 
glutamine is omitted from the medium strongly suggest that chick-heart 
tissue explants differ markedly from those of rat-heart tissue and human 
hypertrophic cervical tissue, in regard to their glutamine requirement 
and utilization. The observation that the increase in glutamine content 
is accompanied by a corresponding decrease in glutamic acid content 
leads to the hypothesis that chick-heart tissue explants possess the 
ability to synthesize glutamine from glutamic acid. This hypothesis is 
strengthened by the observations, recorded in table 1, which show that 
there is a considerable amount of glutamine synthetase activity in chick- 
heart tissue explants whereas no activity is detectable in those of the 
other two tissues. 


TaBLeE 1.—Glutamine synthetase activity in explants of various tissues cultivated in 
a synthetic medium with and without glutamine 





Glutamine synthetase 
activity (day) * 





Medium Tissue 12 





Medium M 150 Chick-heart tissue \ 3 0. 27 
Rat-heart tissue , : —- 
Human hypertrophic cervical tissue L ! —_— 


Medium M 150 Chick-heart tissue 
devoid of Rat-heart tissue 
glutamine Human hypertrophic cervical tissue 





*Expressed as units per mg. protein of tissue extracts. 


Thus the nonrequirement of glutamine by explants of chick-heart 
tissue and its requirement by those of rat-heart tissue and human hyper- 
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trophic cervical tissue would appear to be due to differences in their 
ability to synthesize glutamine resulting from differences in glutamine 
synthetase activity. 
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SUMMARY 


The y-globulin fraction of antiserums 
prepared in rabbits against polyoma vi- 
rus, grown in milk-adapted P388 D, 
cells, was labeled with fluorescein iso- 
thiocyanate. When this labeled serum 
was applied to polyoma virus-infected 
P388 D, tissue-culture cells and exam- 
ined under ultraviolet light, particulate 


the nuclei. These fluorescent particles 
were not seen in the uninfected tissue- 
culture preparations. These findings 
are interpreted as demonstrating intra- 
nuclear virus or intranuclear viral-asso- 
ciated antigen in cells infected with 
polyoma virus.—J. Nat. Cancer Inst. 
24: 581-587, 1960. 


fluorescent areas were demonstrated in 


THE POLYOMA virus, a known tumor-inducing agent in mice and 
hamsters (1-3), also produces cytopathogenic effects in some types of 
cell cultures (4, 5). The fluids obtained from cell cultures infected with 
the polyoma virus, when injected into animals, produce neutralizing and 
hemagglutination-inhibiting antibodies against the virus (6, 7). 

With these previously demonstrated properties of the polyoma virus 
in mind, it seemed worthwhile to study the intracellular localization of 
the virus. For this purpose the Coon’s fluorescent antibody technique 
(8) was used, and the following is a report of the findings. 


MATERIALS AND METHODS 


Virus.—Polyoma virus was grown in cultures of milk-adapted murine 
lymphoma cells (strain P388 D,), according to methods previously de- 


scribed (4). The strain of virus used in these studies was originally 
isolated, in tissue culture, from a cell-free filtrate of an extract of a 
mouse parotid-gland tumor. The details of the origin of this strain of 
virus have been described by Dawe and his associates (9). 
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Immunization —The undiluted, frozen and thawed virus preparations 
were injected into two 4- to 6- kg. rabbits. The immunization regimen 
consisted of 2 intradermal injections of 0.2 ml. at different sites and 
one subcutaneous injection of 1.8 ml., on the first day; 5-ml. antigen 
plus 6-ml. adjuvant‘ injected subcutaneously 2 weeks later; 0.2-ml. 
intracutaneous injections at 2 sites and 0.8 ml. injected subcutaneously 
without adjuvant, monthly for 3 months, when the same intracutaneous 
and subcutaneous injections were given daily for 3 days. Each rabbit 
received a total of 14.4 ml. of the virus preparation. One week after 
the last injection the rabbits were bled from the ear vein. The serums 
were separated from the clot and were stored at —20° C. until used. 

The materials used for immunization of rabbits were infected cultures, 
including fluid and cells, from the fifth and seventh passages of polyoma 
virus in milk-adapted P388 D, cells. When the infected cultures showed 
definite cytopathogenic effect, they were frozen at —20° C. for subsequent 
use in immunization. The material was thawed immediately before 
injection into the rabbits and thus was carried through a single cycle of 
freezing and thawing. 

The infectivity titer of the material used in immunization of the rabbits 
was not determined; however, virus pools prepared in a similar manner 
have contained 10°-* to 10°-° TCID50 per 0.25 ml. when titrated by serial 
tenfold dilutions in milk-adapted P388 D, cells. 

Preparation of serums.—Antibodies against the tissue-culture cells and 
the media were removed by absorption with P388 D, tissue-culture cells 
and media not infected with the virus. One ml. of an 0.85 percent saline 
suspension of washed P388 D, cells plus 1 ml. of media were used to absorb 
5 ml. of the serums. This combination was incubated at 37° C. for 1 hour, 
and overnight at 5° C. The precipitate and cellular debris were removed 
by centrifugation at 18,000 X g for 20 minutes. The entire process was 
repeated twice on the supernatant. 

The y-globulin fraction of the serums was then prepared by the am- 
monium sulfate fractionation method and in a concentration of 2 mg. 
nitrogen per ml. was labeled with fluorescein isothiocyanate (10). 

Absorption of the labeled serums with human liver acetone powder to 
remove the nonspecific fluorescence was carried out prior to testing (8). 
The labeled globulin solution was dehydrated by lyophilization and re- 
constituted in one fifth the volume of distilled water, before use. 

Testing of serums.—Cultures of P388 D, cells grown on coverslips in 
Leighton tubes were infected with polyoma virus. When the cytopatho- 
genic effect was evident, the coverslips were frozen in an alcohol dry-ice 
bath, allowed to air-dry for 1 hour at room temperature, and then treated 
with acetone for 15 minutes. After the acetone treatment the slides 
were washed in phosphate-buffered saline at pH 7.4. The cells on the 
coverslips were then exposed to the labeled antiviral globulin for 30 
minutes at room temperature, washed 3 times for 5 minutes in phosphate- 


4 The adjuvant consisted of 5 parts mineral oil and 1 part Arlacel A. The latter was obtained from the Atlas 
Powder Co., Wilmington, Del. 
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buffered saline at pH 7.4, and mounted in 25 percent glycerin in the buf- 
fered saline. The microscopic examination was done with a Leitz fluores- 
cence microscope, at a wavelength of 390 to 440 mu. 

Control preparations included (1) uninfected P388 D, tissue-culture 
cells, (2) uninfected P388 D, tissue-culture cells ‘‘starved” by allowing the 
tissue-culture media to become nutritionally exhausted, with development 
of degenerative changes in the cells, in an attempt to simulate the cyto- 
pathogenic changes observed in the virus-infected cultures, and (3) slides 
of polyoma virus-infected P388 D, cells previously incubated for 30 
minutes with unlabeled antiserums, and then washed with phosphate- 
buffered saline pH 7.4 prior to testing. Each of the control slides was 
exposed to the labeled antiviral serums and examined with the ultraviolet 
microscope. 


RESULTS AND DISCUSSION 


When the P388 D, tissue-culture cells infected with polyoma virus were 
exposed to fluorescein-labeled antipolyoma virus serums, the dye-labeled 
antibody reacted with an intranuclear antigen to produce the character- 
istic fluorescent picture, as shown in figures 1 and 2. The intranuclear 
fluorescent material consisted of clumps of varying size, scattered through- 
out the nucleus, particularly prominent near the inner surface of the 
nuclear membrane. Since this deposition of dye-labeled antivirus serums 
is dependent on an antigen-antibody combination, it is apparent that the 
antigenic material associated with the tumor-inducing polyoma-virus 
infected cells is localized primarily in the nucleus. 

The number of cells showing this fluorescing property varied from 
culture to culture and seemed to be directly related to the severity of the 
cytopathogenic changes. 

P388 D, cultures, not infected with the polyoma virus, did not contain 
the intranuclear antigens which reacted with the fluorescein-labeled anti- 
polyoma virus serums (figs. 3 and 4). There was, therefore, no fluorescence 
in the nuclei of these cells but the usual autofluorescence was evident in 
the cytoplasm of these and all other preparations. 

To rule out the possibility that denatured antigenic material from the 
dead or dying cells of the infected culture might have been responsible for 
the production of antibodies, uninfected tissue-culture cells were permitted 
to remain in media devoid of essential nutrients until degenerative changes 
developed. These P388 D, tissue-culture cells which had been “‘starved”’ 
before exposure to the labeled antipolyoma serums revealed the usual 
autofluorescent cytoplasm. The intranuclear clumps seen in the virus- 
infected cells were not present, however. Therefore, comparing the 
“starved” cells to the infected cells, it seems apparent that denatured 
cellular antigenic material from dead or dying cells of the infected culture 
was not responsible for their fluorescent properties. The “starved” 
cultures which contained many degenerating cells contained no fluorescent 
intranuclear particles. 


VOL. 24, NO. 8, MARCH 1960 





584 MALMGREN, RABOTTI, AND RABSON. 


The addition of unlabeled antiviral globulin to the polyoma virus- 
infected tissue-culture cells prior to the exposure of these cells to labeled 
antiserums prevented fixation of the dye-labeled antiserums. Conse- 
quently no fluorescence appeared in these preparations. The ability of 
the unlabeled antiserums to block the fluorescein-labeled antiserums indi- 
cates that the intranuclear fluorescence is the result of a specific antigen- 
antibody reaction. 

The demonstration of antigens associated with polyoma virus within 
the nucleus of infected cells is of interest in relation to cytochemical and 
electron microscope studies of the P388 D, culture cells infected with 
the polyoma virus (11, 12). The demonstration of abnormal ribonucleo- 
protein in vacuoles within the nucleus of the infected cells by cytochemical 
techniques is consistent with the intranuclear localization of the virus- 
associated antigen observed in the nuclei in the present study. The 
electron microscopic demonstration of large collections of viral particles 
consistent in size with polyoma virus within the nucleus of P388 D, cells 
is also in accord with our findings with fluorescent antibody. The 
presence of particles in the cytoplasm as well as in the nucleus of virus- 
infected cells examined under the electron microscope suggests that the 
concentration may be below that demonstrable by this method or that 
these intracytoplasmic particles do not contain the antigenic material 
detected by the fluorescent antibody technique. 

It should be emphasized, however, that although the present study 
detects the presence of a viral-associated antigen within the nuclei of 
infected cells, it does not necessarily establish that this is actual virus. 
This idea is pertinent in view of the observation (13) that in HeLa cells 
infected with adenovirus, there is an increase in DNA and total protein 
which is not directly associated with the infectious virus particles. 
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Figure 1.—P388 D, cells infected with the polyoma virus and exposed to fluorescein 
isothiocyanate-labeled y-globulin from rabbits immunized with the polyoma-infected 
P388 D, cultures. Note the clumps of fluorescent material in the nucleus as seen 
under ultraviolet light. > 500 


Figures 2.—Same as figurel. X 150 


Figure 3.—P388 D, cells not infected with the polyoma virus treated with the labeled 
globulin as in figure 1. Note the absence of fluorescence. XX 500 


Figure 4.—Same as figure 3. X 150 
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Johannesburg, South Africa 


SUMMARY 


(1) The background of the Bantu and 
“Cape Colored’’ races in South Africa is 
briefly reviewed. The organization of a 
cancer survey among these people is 
described in detail and the inherent 
errors and difficulties are outlined. 
However, it is believed that with due 
precautions reasonably accurate inci- 
dence rates for cancer have been ob- 
tained. (2) The cancer rates determined 
for these populations in Johannesburg 
are presented. In the Bantu, cancer of 
all sites is about half as common as in 
the United States population. (3) In the 
Bantu, carcinomas of the _ esoph- 
agus and liver are significantly more fre- 
quent than in the populations of the 
United States and Denmark, whereas 
tumors of the remainder of the gastro- 
intestinal tract are much rarer. Carci- 
nomas of the paranasal sinuses are com- 
mon and may be related to snuff. Carci- 
noma of the lung is nearly as frequent as 
in Denmark, and the possibility that 
factors other than cigarette smoking 
may be of significance is discussed. 


! Received for publication July 23, 1959. 


Carcinoma of the cervix is common but 
carcinoma of the body of the uterus is 
almost unknown. Breast carcinoma is 
much less frequent than in the United 
States. Tumors of the bones and soft 
tissues, lymphomas, and leukemias are 
less frequent than in the United States. 
Neoplasia in childhood is less frequent 
than in the United States but the inci- 
dence of retinoblastomas and nephro- 
blastomas is not significantly different. 
Differences are also observed in the inci- 
dence of cancer of the skin, bladder, 
kidney, prostate, and eye. The possible 
etiological factors involved in these 
various sites are discussed briefly. (4) 
Ratio figures from a rural area indicate 
that as yet, the cancer pattern in urban 
Johannesburg has not altered greatly as 
compared to the former. (5) The cancer 
pattern in the Cape Colored population 
is similar to that in the United States 
Negro and differs considerably fromthat 
seen in the Bantu.—J. Nat. Cancer Inst. 
24:589-671, 1960. 


? This investigation was supported in part by a research grant (C-1716) from the National Cancer Institute, 
National Institutes of Health, Public Health Service, by a grant from the Department of Education, Arts and 
Sciences of the Union Government, and in part by the South African Institute for Medical Research. 

3 Present address: Department of Pathology and Oncology, University of Kansas Medical Center, Kansas City 
12, Kans, 

4 Cancer Research Officer, National Cancer Association of South Africa. 

5 Dr. B. J. P. Becker, of the University of Witwatersrand, and the superintendents and staffs of the hos- 
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Mrs, Esther Nkopo, Mrs. Grace Baloyi, C. W. Denalane, and B. J. R. Sibande collected most of the sociological 
data, sometimes assisted by students of the Jan Hofmeyr School of Social Work. 
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PART I: INTRODUCTION 


THE VALUE of epidemiological investigations of cancer in backward 
communities lies in the possibility that differences in the manner of life 
may be reflected in differences in cancer incidence. The determination 
of cancer rates, however, demands adequate medical services and soci- 
ological data on the population-at-risk. It is clearly impossible to estimate 
cancer rates in people completely remote from Western influences, so that 
a compromise must be reached in choosing between a community so 
primitive as to render the statistics valueless and one so advanced as to 
have lost all resemblance to its original primitive state. 
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The necessary criteria for conducting such studies in primitive commu- 
nities were laid down at Oxford in 1950 (28). Preliminary investigations 
at this time indicated that Johannesburg was a particularly suitable area 
for the determination of cancer morbidity rates in an African community 
(71,72), since industrial growth after World War II made available a 
large Bantu population combined with greatly improved medical services. 

The present paper reports the results of a survey of cancer incidence 
carried out on the Bantu and Cape Colored populations of Johannes- 
burg, Transvaal, Union of South Africa, from January 1, 1953, to Decem- 
ber 31, 1955. In addition, a study of cancer ratios was conducted in 
certain rural hospitals in the Northern and Eastern Transvaal from 
December 1, 1952, to November 30, 1955. 

Previous cancer studies in South Africa.—The earlier studies on cancer 
in the indigenous Bantu of South Africa have recently been reviewed 
(100). They revealed cancer ratios which were very different from those 
of North America and Europe. Unfortunately, such data are unsuitable 
for comparisons between races, since the ratio of a specific cancer is 
dependent not only on its incidence but also on the incidence of cancers 
in other sites. It is also modified by the age and sex composition of the 
population-at-risk; this influence is often detectable in South African 
figures (71, 99, 101). There are several studies mainly of the ratio type 
available from other African areas (22, 55, 146, 147). 


Racial Background of the Survey 
Negro Races of Africa 


The Negro races of Africa are subdivided into 2 groups, the Northern 
Nilotic or Sudanic Negroes, who inhabit East and West Africa and the 
Bantu Negroes, who live south of the “Bantu line” (41). This line stretches 
from the Bight of Benin in the west, to the Indian Ocean near the mouth of 
the Tana River. The division into Sudanic and Bantu groups is essentially 
linguistic and does not imply anthropological differences. This is equally 
true of the tribal groupings. These divisions are nonetheless correlated 
with geographical and historical differences and hence are not without 
anthropological significance. The Bantu, for example, are mixtures of 
Negro and Hamite with varying admixtures of Bushman and Arab. 

The Bantu are divided into Eastern, Western, and Southern groups 
(115). The Southern Bantu inhabit Southern Rhodesia, South West 
Africa, Mogambique, and the Union of South Africa. Our survey is mainly 
confined to tribes now domiciled in South Africa, although immigrants 
from a few neighboring tribes are included. 

There are significant anthropological differences between the present- 
day American Negro and the South African Bantu. The American 
slaves were predominantly Central and West African Negroes, but 
Hottentots, Arabs, and Moors were included, and there has since been 
considerable miscegenation with whites and American Indians (69). The 
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South African Bantu is racially purer as shown by hematological surveys, 
which reveal a consistent pattern throughout the different South African 
tribes (116, 117, 145). 


Races of the Union of South Africa 


The Bantu.—Originally, the Bantu were a nomadic pastoral and agri- 
cultural tribal community, but marked changes have taken place in 
recent years. According to the 1951 census there were in the Union of 
South Africa over 8% million, who can be grouped according to their 
domicile as follows (130): 

(a) On native lands, mainly reserves—43 percent: This group com- 
prises peasant farmers subject to the rule of chiefs and living under tribal 
conditions similar to those before European administration. The reserves, 
however, are not agriculturally self-supporting and are poorly developed 
technically, so that for reasons of poverty and ambition most young 
adult males migrate for varying periods to the towns or gold mines to 
work. Detailed reviews of life in such areas are available (78). 

(6) On white farms—30 percent: This group is composed of Bantu 
families living on farms and providing labor. Living conditions vary with 
employers, but on the whole these Bantu live in poverty. 

(c) In urban areas—27 percent: The urban group can be subdivided 
into: 

i) Permanent urban community. In general, these have lost contact 
with their rural background and regard the city as their permanent home. 
Many have been born here, whereas others have migrated from the 
country as adults. Although still nominally bearing tribal names and 
using tribal languages, they form a detribalized proletariat who provide 
unskilled and semiskilled industrial labor. 

ii) Migratory group. This is most typically represented by the labor 
force in the gold-mining industry in which rural Bantu contract to work 
on the mines for periods varying from 9 months to 2 years. Similar 
migration has provided much of the domestic labor force in the past, but 
this now tends to be drawn from the permanent urbanized section, as 
migration to the cities is controlled by recent legislation. 

The Cape Colored.—This is a mixed race arising originally from unions 
of whites, Hottentots, and slaves. The slaves were a heterogeneous 
group from West Africa, Mogambique, Madagascar, Ceylon, and Malaya. 
Some admixture with Bush and Bantu has occurred subsequently. This 
group numbers 1.1 million, of which 42,000 live in Johannesburg. 

Its standard of living corresponds to the lower socioeconomic brackets 
of the United States or social classes 4 and 5 of the Registrar-General 
of Great Britain (4). 

Other races.—In addition to a small indigenous Bush population, there 
are approximately 2.64 million whites in the Union of South Africa and 
an Indian community (370,000) introduced as indentured labor at the 
end of the 19th century. These groups are not dealt with in this report. 
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Johannesburg 


Johannesburg (text-fig. 1), latitude 26°11’ S, longitude 28°04’ E, is the 
largest city in South Africa (total population 1 million) and is situated on 
the Highveld inland plateau at a mean altitude of 5,850 feet. Conse- 
quently, despite its subtropical position, it has an excellent climate. The 
average duration of sunshine per day is 8.7 hours (or 73%) and in view of 
the altitude the amount of cosmic and ultraviolet irradiation is high. 
The total annual solar radiation exceeds that of Davos in Switzerland 
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TrextT-FIGURE 1.—Map of Southern Africa showing the position of Johannesburg and 
the situation of the rural hospitals used in the survey. 


Its rapid growth since its foundation in 1886 is of significance in a 
rate survey, for a very brief domicile may be compatible with bona fide 
residence. 


PART II: ORGANIZATION OF SURVEY 


The basic requirements of epidemiological studies are well known 
(15, 27, 45-48, 65) but since details are scanty regarding the application 
of these to the determination of morbidity rates in primitive communities 
the methodology of the present study will be discussed at some length. 
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The present incidence survey was carried out on the urban Bantu 
community in Johannesburg. This group includes many who had been 
in the city for a short period only but are regarded as residents for census 
purposes, since most come to the city with the intention of settling there. 
During the period of survey, the number of migrants was low due to 
government restrictions. 

The mining group was completely excluded as being of a more tem- 
porary nature with obvious sociological differences. 

In addition to the incidence survey, a small ratio study was carried out 
in a group of rural hospitals serving Bantu communities living on native 
land or European farms (text-fig. 1). A preliminary investigation indi- 
cated that the calculation of incidence rates in these areas was impracti- 
cable with the sociological and technical facilities available, and that the 
cost of obtaining such data would be out of all proportion to the results 
achievable. 


Case Finding 


A mimeographed registration form was used, as this was cheap and could 
readily be altered for clarification or further information. 

The major sources of registration were hospitals and auxiliary depart- 
ments, death certificates, and private doctors. 

Hospital registrations —Free hospital services were provided by the 
provincial administration. An approximate total of 2,260 general hospital 
beds (excluding those for infectious diseases) were available for nonwhite 
patients (approximately 2.3 beds per 1,000 of the population). The true 
ratio is somewhat lower, as patients were also admitted from rural hos- 
pitals for specialized treatment. Approximately 160 full-time medical 
staff supplemented by a number of part-time staff were employed in these 
hospitals, which had well-developed morbid anatomical, clinicopathologi- 
cal, hemotological, radiological, and specialized medical and surgical 
units. 

The medical superintendent of each hospital ordered the registration 
of all cases of suspected cancer. The hospital records of all in-patients 
were also reviewed periodically by the authors, as were the records of the 
radiotherapy department. Histopathological and post-mortem reports 
were also checked. These screening procedures were a necessary check on 
registrations. Out-patients with suspected cases of cancer were always 
admitted to the hospital if the patient was willing. 

Death certificates —While death certificates were not required for Bantu 
patients in rural areas, such certificates signed by a doctor were needed 
for all persons dying in Johannesburg. All death records on Bantu and 
Coloreds were checked in both Johannesburg and neighboring towns 
believed to draw cases from our area. 

Where no doctor had been in attendance bodies were sent to the medico- 
legal laboratories for necropsy. This regulation provided a strong induce- 
ment for Bantu relatives to call a doctor or to bring the patient to a 
hospital when the patient was in eztremis. Bantu death certificates 
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unfortunately are not transferred in the statistical departments to the 
region of domicile. 

Private medical-practitioner registrations.—Since there were no private 
facilities for nursing Bantu or Cape Colored patients outside the hospital 
services, all patients remaining in Johannesburg should have been even- 
tually detected as hospital cases or from death certificates. To ascertain 
what proportion of patients might attend private doctors only, all Johan- 
nesburg doctors in the classified list of the telephone directory were 
asked by circular letter whether they treated Bantu or Colored patients 
with cancer without sending them to the hospital. They were also 
requested to register, for a nominal fee, all cancer patients who were not 
known to have attended a hospital. Where no replies were obtained, 
the doctors were approached by telephone. The results of this question- 
naire are given in table 1. 


TaBLE 1.—Treatment of nonwhite patients by private medical practitioners in 
Johannesburg 





Number Percentage 
65 62 


Doctors with no nonwhite private patients 

Attending private patients but referring those with cancer to the 
hospital (not asked to register) 32 

Registering cancer patients* 5 

Not contacted 0. 8 





99. 8 





*Includes doctors whose names were obtained from death certificates. 
{Figure according to the Johannesburg classified telephone directory. 


Registrations from death certificates and private practitioners formed 
only 10 percent of cases in the rate survey. 

Quarterly news letter—To maintain interest, a quarterly news sheet 
was circulated to all doctors involved in the survey. This presented 
preliminary results and other matters of general interest. We think 
it was of value in maintaining the flow of registrations. 


Population-at-Risk 


Bantu Population 


It was obvious that our task would be facilitated if the census could 
be used as an estimate of the Bantu population. Since, however, doubts 
had been expressed of its accuracy in recording the Bantu in Johannes- 
burg, the extent of the possible error had to be evaluated. The last 
census was in 1951 (18) and the Bureau of Census and Statistics, Pretoria, 
kindly put at our disposal their estimate of the population of Johannes- 
burg for mid-1954. In addition, estimates for various population 
groups in Johannesburg were available from the Native Affairs De- 
partment of the Johannesburg municipality. A sociological survey 


of the Alexandra township was also planned as a check on the accuracy 
of the census. 
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Metropolitan Johannesburg is divided, from the census viewpoint, into 
(a) municipal area, (6) the peri-urban Bantu townships. The former is 
predominantly the area inhabited by the white population, but it also 
includes several Bantu townships and municipal hostels, and most domes- 
tic servants live with their employers. We consider that the census for 
Bantu dwellers in the white area was reasonably accurate, and the re- 
sults agreed with those of the Native Affairs Department of the Johan- 
nesburg municipality (97). 

As regards the peri-urban townships the degree of accuracy was more 
open to question. The Alexandra survey indicated that the census figure 
might be an underestimate of about 10 percent. This underestimation 
affected all age groups equally. Other data provided by the Native 
Affairs Department also suggested that the census might be an under- 
estimate of up to 11 percent for certain peri-urban townships. These 
differences were not unexpected, partly because tax evaders and such 
might try to avoid enumeration and partly because the census figure 
gives the de jure population, which may be lower than the de facto one 
that is measured in surveys. 

In spite of these errors, it has seemed reasonable to use the census 
estimate now available rather than the succession of separate estimates for 
selected townships that had to be used in our preliminary study of the 
incidence of primary carcinoma of the liver (102). The use of the total 
metropolitan area of Johannesburg provides somewhat larger numbers for 
rate calculation, and since the municipal areas are more accurately as- 
sessed by the census, this will tend to reduce the degree of underestimation. 
Choice of the entire area also eliminates the effects of internal migration. 
Finally, we have found that a small percentage of the Johannesburg 
Bantu population is unlikely to attend Western medical services (vide 
infra, p. 605) and the actual population available is less than total. 
The use of the census estimate for mid-1954 therefore offers a reasonably 
close approximation to the true population-at-risk (table 2). 


Cape Colored Population 


This group is in general more literate than the Bantu group. The 
census returns are more likely to be accurate and were used after adjust- 
ment to mid-1954 (table 2). 


Sociological Studies 


The primary object of the sociological studies was to permit the cal- 
culation of accurate incidence rates. In practice, they were not used 
for this purpose since they indicated, in general, that the census figures 
could be used with reasonable confidence. They did, however, permit the 
collection of increased data on the cultural and socioeconomic background 
of the urban Bantu, enabling further definition of the characteristics of 
the population whose cancer rates are given later. Separate sociological 
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studies were accordingly carried out on both patients in hospitals and the 
general population of an urban community. 

Although they are one of the more highly developed Negro communities 
in Africa, a large proportion (70%) of the South African Bantu is 
still illiterate, and even in urban areas some do not know a European 
language. Accordingly, Bantu social workers speaking the vernacular 
were used to obviate linguistic and related difficulties, the same ones being 
employed in both studies, under the supervision of a white sociologist 
and the authors. 


Investigation of Patients With Cancer 


Some sociological data were provided by the registering physician, 
but to avoid excessive demands on busy medical practitioners and also 
to act as a check, patients were interrogated by social workers in the 
hospital and sometimes at home. Due to the cost of transport, hospital 
visits took place once a week only and, accordingly, some patients were 
not interviewed, mainly as a result of death or discharge from the hospital. 
Such losses are unlikely to have been biased, as no patient was retained 
in the hospital to assure social worker contact. Information was obtained 
on sex, age, tribe or race, domicile, duration of urbanization, employment, 
wage at last occupation, smoking habits, pregnancy and lactation habits, 
age at first marriage or union, age at menarche and menopause, age at 
circumcision, previous hospital admission, type of marriage, and religion. 


Investigation of Urban Bantu Population 


Since cost precluded a survey of the whole Bantu population of Johan- 
nesburg, it was decided to study only one township (Alexandra). This 
decision was strengthened by the existence in this township of a welfare 
center (Entokozweni), directed by Miss H. Navid, which had already 
won the good will and confidence of the local population. There did not 
seem any evidence that the population of Alexandra was grossly different 
in composition or manner of life from other urban Bantu communities 
in Johannesburg. This is confirmed by the following points of similarity: 

(a) The age and sex distribution of the population as determined in 
our sociological survey was very similar to that observed in the 1951 
census for the peri-urban townships of Johannesburg. 

(6) The average wage per household was similar to that determined 
by the Institute of Race Relations in other townships (60, 125, 132). 

(c) Our observations on cancer patients did not indicate that this 
township differed significantly from others in many of the parameters 
studied, such as age at first marriage and average number of children. 
(Differences were noted in tobacco habits—not explained—and also in 
size of household—presumably because from Alexandra, the children 
are more frequently sent away to the rural areas.) 

(d) The number of cancers from this township was similar to that 
expected from total rates (vide infra, p. 607). 
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Accordingly, we consider the Alexandra township population as reason- 
ably representative of the permanently urbanized Bantu population of 
Johannesburg. 

The following surveys were conducted in Alexandra: 


A. General social survey 

A survey was carried out on a random sample of the population (5%) 
to provide information on size of population, age, sex, marital status, 
tribe, size of household, reproductive data, income, and type of dwelling. 

1. Size of population.—The mean population of Alexandra was estimated 
in 1953 to be 77,112 persons, which was 10.7 percent greater than the 
1954 census estimate. 

2. Age and sex distribution—The age and sex distribution of the 
Alexandra population was very similar to that obtained by the census 
for the nonwhite townships and confirmed the low proportion of persons 
over the age of 55. Since the Alexandra figures for age were obtained 
by careful questioning, it would appear that in the census inaccuracies 
in stated age were compensated by the large numbers interviewed. 

3. Tribal composition.—All the major tribal groupings were represented 
in this township but, since the proportions were not necessarily comparable 
to other areas of Johannesburg, this aspect was not further investigated 
except where indicated by the study of cancers of a specific site. It 
should be noted, however, that detribalization is such a marked feature 
of the present-day urban Bantu as to dilute and obscure many tribal 
differences. 

4. Length of urban residence-—Of the total population, 28.6 percent 
had been born in the township, but these were almost entirely persons 
under 30 years of age; 22.9 percent had lived there 10 years or more. In 
a sample of 436 families from another township, it was found that 34 
percent of persons were born in Johannesburg and 31 percent had lived 
in Johannesburg for more than 10 years and 70 percent of families were 
regarded as urbanized (7). Clearly, the Bantu population in Johan- 
nesburg is rapidly becoming urbanized and cannot be regarded as wholly 
comparable with a rural community, an observation also made by 
Eberhardt (64). 

5. Household composition.—A household has been defined as “the group 
comprising all persons sharing a common food and rent budget.” This 
includes visitors and excludes those not living with the household at the 
time of the survey, i.e., children staying in rural areas. The average size 
of the household was estimated at 3.6 persons. This is in contrast to the 
extended households seen in many tribal communities in Africa. It should 
be pointed out, however, that 40 percent of families had one or more 
dependents living away from home; of these, 87 percent of males and 78 
percent of females were under 15 years. In other townships falling under 
municipal ordinances, the number of children is higher and the number 
of dependents in the country is less, i.e., Batson and Feldman found the 
average household size in the western area of Johannesburg was 4.1 
persons (7). 


VOL, 24, NO. 3, MARCH 1960 
536598—60—_6 





600 HIGGINSON AND OETTLE 


6. Reproductive data.—These findings will be discussed in the sections 
relating to breast and genital cancer. 


B. Economie survey 

The most significant fact to emerge from the socioeconomic analysis of 
the population of Alexandra in 1953 was the high proportion of the popula- 
tion that was below the “poverty datum line”’ (6), i.e., below a theoretical 
estimate of income needed by any household if it is to obtain a minimum 
of health and decency (see Appendix, 1). In 52 percent of the households, 
the family income was below this level, and reports by the Institute of 
Race Relations indicate that this percentage may be greater in other 
townships (60, 63, 125, 132). 


C. Nutritional survey 

The inherent difficulties of nutritional surveys are greatly accentuated 
in primitive communities. Nevertheless, it was felt advisable to examine 
the dietary background of the Johannesburg Bantu. The last dietary 
survey in the Johannesburg area was in 1947 and merely estimated the 
amount of food entering the township. According to Fox (61) this survey 
may have painted an unduly pessimistic picture. In addition, the results 
of 3 surveys since 1950 in other parts of the Union were available (//, 12, 
53). The methods and findings are given in the Appendix, part II, and 
tables 38 to 41. 

In general, the diet was adequate in calories, carbohydrates, and gross 
protein but low in fat and animal protein. Furthermore, factory-prepared 
foodstuffs were used much less often than among Western populations. 
The diet was more varied than is generally believed and certainly was not 
limited to ‘‘mealie pap” and sour milk. These studies, however, did not 
indicate previous nutritional experiences, i.e., early life in rural areas in 
times of drought. Further, the survey gave only mean figures per man- 
unit, and members of the community live both above and below this level. 

The nutritional survey does not reveal the presence of widespread, 
clear-cut dietary deficiency in the adult urban Bantu, which agrees with 
clinical experience. Infantile malnutrition (kwashiorkor), on the other 
hand, iscommon. It should be appreciated that orthodox Western nutri- 
tional standards tend to be overestimates of'the minimum requirements, 
and relatively little is known of possible human adaptations to specific 
diets. 


D. Medicinal survey 

It is known that numerous drugs and herbs are used by the local Bantu 
both in health and disease. These are obtained from witch doctors 
(Inyangas), herbalists, and friends in the country. Since an accurate 
picture of the intake of these drugs is difficult to obtain, only a list of those 
drugs in general use was made. Social workers visiting cancer patients 
at home also interviewed all households in the same street and gathered 
the names of proprietary and indigenous native medicines used. Patients 
in surgical hospital wards were also interviewed. 
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Information regarding the chemical content of these drugs was available 
only in a few cases; for the vast majority, none was available. It seems 
unlikely, however, in view of the rarity of most cancers in the Bantu that 
the consumption of native drugs is responsible for a significantly increased 
incidence at most sites. These drugs are likely to play a part, if at all, 
only in cancers of esophagus and liver, and the question has not been 
further investigated. 


E. Tobacco survey 

In view of recent interest in the carcinogenic significance of tobacco, a 
survey of this habit was carried out on a sample of 1,144 individuals over 
15 years of age in the Alexandra township (646 males and 498 females). 


General conclusions regarding sociological study 


It is unlikely that any single study, however quantitative, can describe 
adequately the varied social groups in any community and the social 
institutions by which they are regulated. This is especially true of sur- 
veys on the Bantu, since in the process of urbanization they are also 
undergoing a cultural revolution and prevailing social institutions tend to 
be distorted or abandoned. Two influences can be observed in any 
urban Bantu community today: 

1. Abandonment of traditions.—The old tested and well-known ‘“‘primi- 
tive” forms of social control are rapidly becoming obsolete and ineffectual, 
while the alternate Westernized forms are being accepted or adopted at a 
much slower rate. Individuals vary in the rapidity and ease with which 
they discard the traditions and forms of the old system and adapt them- 
selves to the exigencies of the new. This has resulted in the emergence of 
a transient series of social classes, based on the degree of Westernization, 
so that there is no longer a uniform “Bantu” manner of life available for 
study in the cities. 

2. Administrative restrictions.—Adaptation to the new environment and 
conditions is hindered by official regulations which have been super- 
imposed to slow down the rate of permanent migration to the cities. 

A measure of this transition can be obtained in the increase in literacy 
among the Union Bantu, which according to a report published by 
UNESCO (129) amounted to 21.2 percent in 1946. It has been estimated 
that it has since increased to 30 percent, and at present there are one and 
a quarter million Bantu children at school (57). It is predicted that 
within 15 to 20 years at least 90 percent of the Bantu population will be 
able to read and write (26). The present population thus represents a 
transitional stage as a primitive group rapidly adopts Western culture 
during an accelerated industrial revolution. 

In view of the latent period of cancer, however, it is reasonable to expect 
that the cancer pattern observed in this people will tend to resemble that 
of a somewhat more primitive group than the present stage of development 
might seem to suggest. 
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Investigation of Cape Colored Population 


No attempt was made to survey the Cape Colored population of 
Johannesburg. Detailed sociological studies have been carried out on 
this racial group in the Cape Town area (5, 16) and it is believed that con- 
ditions are basically similar in the Johannesburg Cape Colored. 


Precautions in Rate Determination 


Accuracy of Case Finding 
Check of sources of registration 

All known records of cancer cases in Johannesburg were checked—a 
total of over half a million documents were personally examined by the 
authors. It was emphasized repeatedly to doctors that every case should 
be registered whether or not a previous registration had been carried out. 
Many cases were registered several times, but the recognition of duplicate 
registrations was the responsibility of the registry. A difficulty typical of 
studies on a backward population was that sometimes patients were ad- 
mitted to hospitals under different names or with different ages or ad- 
dresses. 

In the case of hospital services and death certificates, registrations are 
probably as complete as accuracy of diagnosis permits. It is believed 
that failure of private doctors to register cases is not a major source of 
error, since cases were usually referred to the hospital and no private 
facilities exist for treating Bantu patients with cancers. Probably the 
only cases lost were those who did not seek medical attention or were 
unregistered by general practitioners and migrated to the country. The 
proportion of these cases is judged to be relatively insignificant from both 
the inquiry into attitudes to medical services in Alexandra (vide infra, 
p. 605) and the replies by doctors (table 1). A diagrammatic representa- 
tion of the organization and check points of the survey is shown in text- 
figure 2. 


Registration of old cancer cases 


Hospital records prior to 1953 were checked to detect those patients who 
had been in the hospital previously for cancer and should not be included 
in the survey period. 


Accuracy of diagnosis 

In table 3 the diagnostic criteria are given for each site. Of the 992 
Bantu cases registered in 1953-55, 90 percent were seen in the hospital. 
The proportion of cases registered from death certificates and private 
practitioners (10%) is low by comparison with that in cancer registers in 
Denmark (20%) (31) and in the United States (24%) (49). Histological 
services were available at no cost to the patients and in consequence the 
number receiving histological confirmation is reasonably high for a survey 
of this nature, viz., 70.0 percent of Johannesburg cases. This compares 
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TEXT-FIGURE 2.—Diagram illustrating sources of registration and points at which 
checks and registrations were made. 
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TasLeE 3.—Diagnostic criteria for cancers used in calculating rates in the Bantu 





MALES* FEMALES* 
Total 2 3 Total 2 








All cancers 475 334 
Buccal cavity and pharynx.. 18 16 
Digestive tract 108 36 17 
Liver, biliary passages, pan- 
32 14 
9 6 
Breast 0 50 31 
Prostate 
Other male genitalia 
Cervix uteri 198 
Other female genitalia 29 
Urinary system 6 
Skin 12 
Central nervous system and 
special senses 14 
Endocrine system 7 
Bone, soft tissue, and Kaposi’s 
hemangio sarcoma 19 
Lymphomas and leukemias. . 32 
Other, unspecified, and meta- 
static 13 


coo ow Orow 


o 


4 





*Total = All methods; 2 = necropsy and microscopic diagnoses; 3 = special investigations, e.g., radiological 
and biochemical; 4 = clinical diagnoses in hospital cases; 5 = death certificates and general-practitioner regis- 
trations. 


favorably with the figure in the United States survey of 72.4 percent for 
cancer of all sites (49). 


Consistency of registration 


In table 4, the number of tumor registrations is shown for each year. 
The results indicate that the existence of the survey did not alter the 
frequency of diagnosis. It is possible that, despite the precautions taken, 
we may have included some 1952 cases in the cases registered for 1953, but 
the figures suggest that this number must be small. 


Confirmation of domicile 
Since many rural cancer patients in Johannesburg hospitals may give 
local accommodation addresses, attempts were made by both doctors and 


TasLe 4.—Annual number of cancers registered for Bantu residents in Johannesburg 
(both sexes, 1953-55) 





1953 1954 1955 Total Percentage 





All sites 99. 
Buccal cavity and pharynx 6. 
Digestive system 30. 
Respiratory system 4 

Male urogenital 
Female urogenital 
Skin 


Nervous system 
Other and metastatic 
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social workers to check the patient’s domicile by asking the length of stay, 
reason for coming to Johannesburg, and place of employment, and also 
by home visits. Of the 992 Johannesburg Bantu cases, confirmation was 
obtained in 85 percent. 


Accuracy of Estimation of Population-at-Risk 


Attitude to Western medical services 


If many of the population avoid Western medical services, the true 
population-at-risk will be so much smaller than the total. A survey of 
medical attitudes showed that while there was widespread confidence in 
Western medical services, this was not inconsistent with the use of tradi- 
tional doctors, who were consulted by 29.9 percent, often concurrently 
with Western doctors. Only 2.1 percent of the population interviewed 
stated that they used a witch doctor alone, and an additional 1 percent 
said they would not use medical services. 

Of 563 persons who had been advised to go to the hospital, 559 (99.3%) 
actually went. Of the 4 who had not taken this advice 1 was afraid to die 
away from home, 1 had gone to a private doctor instead, 1 had got better 
spontaneously, and 1 had not found the opportunity. So, of this group, 
0.3 percent actually would have been missed in our survey. It is probable 
that of those interrogated, a number who had been told to go to the hos- 
pital and had not gone may have forgotten the occasion as one of which 
they were somewhat ashamed, so that this inquiry is likely to under- 
estimate the number who would refuse to go to the hospital when advised 
todo so. This also omitted those with religious scruples against medical 
aid, who were not in a position to be advised to go to the hospital. 

From a group of 510 persons faced with the hypothetical situation, 
91.6 percent stated they were willing to go to the hospital and 7.1 percent 
were either opposed to Western medicine on principle or afraid of making 
use of the facilities available. Only 1 patient (0.2%) said that he would 
go to the country if so ill that hospitalization was recommended. 

These figures clearly demonstrate the difference between actual and 
hypothetical situations, and the interpretation of such results is not easy. 
It seems reasonable, however, to conclude that the real number falling 
ill with a malignant disease and presenting themselves at one of the 
Johannesburg medical institutions or visting a general practitioner will 
probably be greater than 95 percent of the total. This is the more likely 
because malignant disease does not respond to ‘‘quack” treatment and a 
death certificate from a doctor was necessary to avoid a post mortem at 
the medicolegal laboratories. There is other evidence as well that many 
persons with religious reasons for avoiding medical attention are prepared 
to call a doctor when in eztremis. 


Age of patient 


Many illiterate Bantu, especially among the more elderly, do not know 
their age accurately and the true age has to be estimated by checking with 
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events of known dates. (Old-age pensions and increased literacy have 
helped to reduce this error.) Cases have been classified therefore in decen- 
nial rather than quinquennial age groups, partly also because of the 
relatively small number of cancers in each age group. The curves of 
incidence against age do not suggest the existence of serious error. 


Conclusion as to Accuracy of Calculated Rates 


The two important sources of error in surveys of disease incidence in 
primitive groups are: underestimation of the population-at-risk and under- 
registration of cases. In this survey it is improbable that either of these is 
greater than 10 percent and, as they tend to cancel each other, we believe 
the final error in the calculated rates for total cancers attributable to these 
causes will be under 10 percent. 

Since the number of cancers seen at specific sites is small, calculation of 
age-specific rates has seldom been justified. We have, therefore, used the 
method of indirect standardization and compared the number of cancers 
observed in the Bantu with that expected from a comparable population 
calculated according to published age- and sex-specific rates. 

In the utilization of indirect standardization, an error even of the order 
of 10 percent is of little significance in such comparisons since it will only 
exceed three times the standard deviation when more than 900 cases are 
involved, if a Poisson distribution is assumed. 

It will be noted, that by this method, unexpected differences between the 
United States white and Negro may be demonstrated for certain sites. 
These are partly dependent on the unusual standard population used, 
i.e., that of the urban Bantu, and partly on minor differences in age- 
specific rates, which are accentuated by this method. In certain cancer 
sites furthermore, the age-specific rates in the United States Negro were 
based on a small number of cases, especially in the younger ages, so the 
expected figures for this race are less reliable than for the United States 
white. Such difference between United States white and Negro expected 
figures should therefore not be accepted as significant without further 
checking against the original rates. For most sites, the Danish and 
United States figures show close approximation where age-specific rates 
have indicated such to be the case, and where expected figures differ, these 
may illustrate real differences between these populations. The United 
States figures used for comparative purposes are from the report by Dorn 
and Cutler (49) based on 10 urban areas, and those for Denmark refer to 
Clemmesen and Nielsen’s report (32) in which both urban and rural areas 
were represented. Comparison with white subjects living in South 
Africa was considered highly desirable but was not possible in the absence 
of cancer morbidity rates for this community. The mortality rates for 
cancer of all sites and certain systems are available. These indicate that 
the incidence of cancer in the South African white is of a similar order to 
that seen in the United States (143). For this reason, it was felt that 
little would be added by their inclusion. 
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In tables 7, 8, and 9, we have basically followed the 7th revision of the 
International Classification of Diseases as Dorn and Cutler did (49), with 
one important difference: We have listed all neoplasms of connective 
tissue under 197, since in our view it is probable that connective-tissue 
tumors and epithelial tumors have different etiologies. Thus, our figures 
are essentially comparable with the Danish figures. On the other hand, 
the United States expected number‘includes a small number of connective- 
tissue tumors. However, from table 13 in Dorn and Cutler’s monograph 
(49), the number of connective-tissue tumors listed under individual sites 
is very small, so that the United States expected number can be regarded 
as almost identical to the number of epithelial tumors and thus can be 
directly compared with our observed number without significant error. 
In those organs, such as the testes which show a high proportion of neo- 
plasms of uncertain histogenesis, we have followed the international classi- 
fication. It is clear with increasing evidence of the importance of histo- 
logical type in etiological cancer studies (75, 86) that further revisions of 
the international classification will have to take into consideration the 
pathological classification. 

In conclusion, as an internal check the number of cases of cancer regis- 
tered during this period from the Alexandra township (the area we had 
most carefully studied) was compared with the number expected according 
to the rates calculated for the whole Johannesburg area. In males, 70 
cases were observed as compared with 69.6 expected; in females, 72 were 
observed as compared with 81.4 expected. These differences are not 
significant. 

In addition, for those cancers where relatively slight differences are to 
be expected between the urban Bantu and the United States Negro, 7.e., 
cancer of the skin, a high degree of correspondence was demonstrated. 
Accordingly, it is our opinion that the data for the whole area can be 
accepted with confidence. 


PART III: CANCER REGISTRATIONS (ALL SOURCES) 


The sources for all cancer data collected at the registry during the 
period of study are given in table 5. In the 3-year period January 1953 
to December 1955, 2,516 cases of cancer were registered (table 5). Of 
these, 2,284 were in Bantu patients; 1,066 (47.7%) in Johannesburg 
residents, of whom 992 (93.1%) were first diagnosed during the study 
period. Nonresidents treated in Johannesburg hospitals numbered 794 
(31.5% of the total cases) and were both of rural and urban origin. From 
the rural hospitals, 424 cases were registered, of whom a few also received 
treatment in Johannesburg, but these have been excluded from the figure 
of 794 cases mentioned. 

Among Cape Coloreds, 232 cases were seen, of which 159 (67.7%) were 
in Johannesburg residents first diagnosed in the study period. Occasional 
Colored individuals who were registered in the rural areas were excluded 
from the study, because they represent too small a group. 
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TaBLe 5.—Number of cases of cancer reported during study period 1953-55 





Diagnosed during Diagnosed previous 

Total study period to study period 
cases 
reported M F_ Total M F Total 








Johannesburg resident Bantu. . 517 47 34 
Johannesburg nonresident 
310 41 40 
Johannesburg resident Cape 
Colored 81 
Johannesburg nonresident 
Cape Colored E 29 
Rural Bantu 174 





1111 166 





In the calculation of the incidence of cancer in the Bantu, only the 992 
Johannesburg resident cases have been considered. Cancer rates for both 
Bantu and Colored races are shown in table 6. 


TABLE 6.—Cancer incidence in the Johannesburg resident Bantu and Cape Colored 
per 100,000 per annum (all sites) 





Males Females 
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*According to the rates put at our disposal by Dr. Harold Dorn. 
tAdjusted to Bantu population of Johannesburg, mid-1954, 


Cancer Rates in Urban Bantu 


It will be observed that the incidence of cancer in the Bantu is similar 
in both sexes (table 6), though the site distribution is very different 
(table 7). Incidence increases steadily with age, but the rise is less steep 
than in the United States, especially after 55 years of age. While this 
may reflect an unwillingness of older people to attend hospital, we 
have no evidence on which to base this conclusion. A fall in incidence 
over 65 years was also observed in the United States Negro in the 1937 
survey (44); the drop was then attributed to the prevalent attitude to 
medical services. In the 1947 study the fall was not present to the 
same degree (49). On the other hand, the changes in slope in our cases 
may represent an actual freedom of older age groups from cancer—cohort 
differences—especially since the most frequent cancers in these age groups 
in the United States, i.e., stomach, large intestine, and breast, are rare 
tumors in the Bantu. 
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As indicated by the number observed compared with the number 
expected according to Danish or United States rates, the incidence of 
cancer in the Bantu is much less than in these countries (table 7). This 
is due chiefly to the rarity of cancer of the stomach, large intestine, and 
skin in both sexes and of breast and body of the uterus in the female. 
The rates in the younger ages correspond to those seen in Japan (114) but 
in the older age groups the incidence is lower in the Bantu chiefly because 
of the rarity of cancer of the stomach and large bowel. 


Cancer Rates in Cape Colored 


The number of cancers in this group was too small to permit wholly 
satisfactory calculation of incidence rates. This has nevertheless been 
done, and the number observed compared with the number expected from 
a United States white or Negro population (table 8). In general, it 
appears that the cancer pattern and site-specific rates in the Cape Colored 
approximate much more those of the United States Negro, with the ex- 
ception of cancer of the liver in males and cancer of the breast in females, 
than those of the Bantu. 


Cancer Ratios in Rural Bantu 


The distribution by site of cancer cases diagnosed in a 3-year period at 
6 rural hospitals is given in table 9. The hospital populations were also 
examined for age and sex distribution (table 10). 

The cancer pattern was essentially the same at all hospitals, so the data 
have been combined (table 9). Insome hospitals (Jane Furze, Maandag- 
shoek, and Groothoek) the proportion of male cancers was low, which 
probably reflected the migration of the local male population to mines or 
cities. Inthe Elim and Pietersburg hospitals, it is believed the population 
is somewhat more stable. The pattern seen at these rural hospitals re- 
sembled that observed in the Johannesburg study with the exception of 
skin and esophageal cancers in males and paranasal-sinus cancers in 
females. This suggests that, with these exceptions, the incidence rates 
calculated for the Johannesburg Bantu are probably applicable to the 
rural areas for most sites and that as yet the urban environment has not 
introduced too great an alteration in cancer pattern. 


Cancer Ratios in Johannesburg Nonresident Bantu 


In text-figure 3, the percentage distribution of cancers according to 
the major sites is given for Johannesburg Bantu residents and nonresi- 
dents and for rural hospitals. The danger of utilizing relative propor- 
tions for comparative purposes is clearly apparent in the figures for 
nonresidents, and these figures demonstrate the selective bias in favor of 
those cancers for which special therapy is available in the city. 
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TaBLE 8.—Comparison of number of cases observed in South African Cape Colored 
population of Johannesburg (1953-55) with number expected 
in United States population 
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*Number expected according to United States rates (49). 
tThe calculated figure differs significantly (3 X S.D.) from the observed figure. 


PART IV: COMMENTS ON INCIDENCE AND ETIOLOGIC 
FACTORS FOR CANCERS OF SPECIFIC SITES 


While calculation of incidence rates employs only cases appearing in 
the population-at-risk during the survey period, in considering the more 
general aspects of the cancer pattern we have made use of tumors regis- 
tered from all sources where permissible, 7.e., where these tumors appeared 
to be similar in resident, nonresident, and rural patients. 
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A. Digestive System 


Cancers of all parts of the digestive system accounted for 53 percent 
of all cancers in Bantu males in Johannesburg but only 18 percent in 
Bantu females. 


TaBLE 9.—Cancer registrations (rural hospitals) December 1952-November 1954 
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*Percentage of total for each site as observed in rate survey of Johannesburg. 


VOL. 24, NO. 8, MARCH 1960 





614 HIGGINSON AND OETTLE 


TaBLe 10.—Percentage age distribution of hospital inpatients in rural hospitals, 
53-55 
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TextT-FIGURE 3.—Percentage distribution of cancers registered from Johannesburg 
Bantu residents, Bantu nonresidents, and rural Bantu. 
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Buccal Cavity and Pharynz 


This comprised 8.5 percent of all cancers in Bantu males and 3.8 per- 
cent of all cancers in females. The incidence is similar to that found in 
the United States Negro. 

Lip.—Carcinoma of the lip is infrequent in the Bantu and United 
States Negro by comparison with the United States and Danish whites, 
which may be explained by the protective effect of pigmentation and 
supports the view that ultraviolet radiation is an important factor in 
lip cancer. 

Tongue and mouth.—The incidence of these cancers is similar in the 
Bantu and United States Negro in both sexes. Combined figures for 
tongue and mouth in males suggest that possibly the Bantu incidence is 
less than that of the United States white. 


Etiologic factors in buccal cancer 


Tobacco.—It is widely believed that smoking, especially pipe smoking, 
is a causal agent in cancer of the lip and tongue (144). This is borne 
out by our survey, although the numbers are small. The amount smoked 
by the Bantu (table 11) is considerably less than that smoked in the 
United States. 

Snuff is sometimes taken orally, especially in certain rural areas where 
a pinch is placed within the lower lip between the lip and the gum (table 
12), but no association with carcinoma of the oral or lip mucosa has 
been found. 

Alcohol.—The association between alcohol drinking and tumors of the 
buccal cavity is well known. The alcoholic habits of the Bantu are out- 
lined in table 14. Undoubtedly, the drinking of local alcoholic beverages 
is widespread, but the number of cases at individual sites is insufficient to 
permit any conclusions. 

Syphilis—Serological evidence of syphilis is common among the Bantu 
and figures vary from 2 to 48 percent positive (96). Before the advent of 
penicillin, treatment tended to be inadequate. Our figures indicate that 
despite the high prevalence of syphilis, there has not been a significant 
increase in buccal cancers. The association between syphilis and buccal 
cancers noted elsewhere may well be indirect. 

Dental caries.—Formerly, the rural Bantu showed a relative immunity 
to dental caries, but in recent years there has been a marked increase in 
caries in rural as well as urban groups. 


Salivary Glands 


Tumors of the salivary glands are not significantly more frequent among 
the Bantu than in the United States population. This conflicts with 
current clinical impressions, which are possibly influenced by the large size 
attained before the patient is prepared to seek medical advice. Of 64 
tumors registered from all sources in which the site was stated, 30 (47%) 
arose in the parotid, 13 (20%) in the submandibular gland, 15 (24%) in 
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TABLE 12.—Tobacco habits in rural hospitals— 
percentage of inpatients over 14 years old using tobacco 





Males Females 





Hospital: JF* DF* JF* DF* 





No tobacco 38 42 
Cigarettes 7 0 
Cigarettes and pipe 0 0 
Pipe 3 0 0 
Nasal snuff 17 13 
Oral snuff 34 2 44 





Total patients interviewed . 29 52 





*Refers to the individual rural hospitals. 


the palate, and 6 (9%) elsewhere. In white races, tumors of the parotid 
far outnumber tumors of other salivary glands (140). Ina survey of the 
literature relating to 1,303 cases of mixed tumors of salivary glands Du 
Plessis (62) found that 81.9 percent were in the parotid, 6 percent were in 
the submandibular gland, 0.6 percent in the sublingual gland, and 3.9 per- 
cent were in the palate. On the other hand, Marsden (92) found in Malayan 
Chinese a high relative frequency of submandibular tumors (30%). The 
difference in site distribution in different races clearly requires investiga- 
tion, as there is no evidence that it can be explained by variations in gland 
size. 

No evidence has been found to suggest that. the parotid enlargement 
sometimes observed in malnourished Bantu patients is precancerous (64). 
Of the 26 salivary tumors in Johannesburg residents, there were 3 car- 
cinomas and 11 benign mixed salivary tumors among males and 2 carci- 
nomas and 10 benign mixed salivary tumors among females, which 
would suggest that the incidence of carcinoma is significantly lower 
than in the United States (49). 

Of all tumors examined histologically, 58 (83%) were mixed tumors 
and 12 (17%) were carcinomas. 


Pharynz 


The incidence of tumors of the naso-, oro-, and hypopharynx among 
males is possibly lower than in the United States white and Negro; in 
females the number observed is similar. Apart from posthemorrhagic 
states, iron deficiency is almost unknown in the Johannesburg Bantu, nor 
is there evidence to suggest a general deficiency of thiamine or riboflavine 
(Appendix, part II). Of the 15 tumors of the pharynx in which the site 
was more precisely stated, 12 were of the nasopharynx, 1 affecting the 
right vallecula and 2 being tonsillar. 


Jaw 


Reports from Uganda and South Africa have stressed the high relative 
frequency of neoplasms of the jaw, particularly of adamantinomas. Six 
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adamantinomas were observed in the Johannesburg series (0.6% of all 
cancers as compared with 0.07% in whites and 0.15% in Negroes in the 
United States). This suggests that these tumors are more common in 
the Bantu. 

Burkitt (79) has recently drawn attention to the occurrence of unusual 
sarcomas attacking children in Uganda and adjoining regions of Equatorial 
Africa. They affect the jaws and are often multicentric but do not show 
lymph-gland or lung secondaries, and many other organs are also affected 
apparently by multicentric primary growth, 7.¢., retroperitoneal tissues, 
adrenal, testis, thyroid, ovary. By courtesy of Dr. Burkitt, one of us 
(A.G.O.) was permitted to review slides and case histories. It seems to 
us that the condition is one of multifocal primary reticulum-cell sarcomas 
of varying degrees of differentiation, from polyhedral to spindle cells. 
There is a strong tendency to affect the jaws, but apparently this condition 
includes many cases in which the jaws are not affected, as well as many 
cases in which the predominant cell type is a spindle cell rather than the 
polyhedral cell commonly encountered. No such cases were observed in 
our survey. 


Esophagus 


In urban Bantu males carcinoma of the esophagus was the most common 
tumor (10.3%) after carcinoma of the liver as reported previously (76). 
It is significantly more common than in the United States and Danish 
populations. Carcinoma of the esophagus comprised only 2.3 percent of 


all cancers in rural males (table 9), but Burrell (20) has demonstrated 
considerably higher relative frequency in other rural areas. No increase 
was noted in urban females, and the male-to-female ratio of esophageal 
cancers in Johannesburg was extraordinarily high, viz., 26.3 : 1 compared to 
the Danish ratio of 5:1. Burrell reported from East London a ratio 
of 2.6 : 1, so that in that area the increase apparently affects females as 
well. Burrell’s latest figures show a sex ratio of 1.55:1 in the rural 
Transkei where the incidence is enormously increased (21). Of 36 tumors 
from Johannesburg with microscopic classification, all were squamous 
carcinomas. Of 25 cancers of the esophagus in the nonresident, one was 
an adenocarcinoma. This proportion is similar to that seen in the United 
States and Europe. 

There is considerable confusion in the literature with regard to the 
subdivisions of the esophagus that may give rise to fictitious differences 
in statistics or may conceal real ones. Any acceptable classification should 
conform with surgical convenience as well as with etiologic and patho- 
logical types of tumors, and if possible, lines of demarcation of different 
sites should not be drawn where the tumors lie most thickly. It is accepted 
that carcinomas are common in the vicinity of the aortic arch and left 
bronchus, and clearly, these two regions should be incorporated in one 
section of the esophagus. Merendino and Mark (94), however, include 
the arch of the aorta in the upper third, while others (20, 87) include 
both in the mid-third. 
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The classification adopted by us is given in table 13. The cancers 
are classified by their most cranial extent which does, however, mean 
that earlier diagnosis will tend to localize the carcinomas at a lower level. 


TABLE 13.—Site distribution of esophageal carcinoma 





Johannes- Johannes- 
burg burg 
Level* resident nonresident Rural Total Percentage 





Cervical (15-19 cm.).. ‘ 2 3 
Upper thoracic (20-25 em.).. 13 23 30. 
Mid-thoracict (26-31 cm.)...... 11 17 
Lower thoracic (32-37 cm.).. 16 23 
Abdominal (38-40 cm.)........ 5 9 





*The level indicates the distance from the incisor teeth. 
tIncludes 4 females, all mid-third. 


Etiologically, cancer of the cervical esophagus seems a distinct region 
and appears at an earlier age with greater frequency in women (139, 140). 
The abdominal esophagus is more prone to develop adenocarcinoma (123). 
Our cancers (table 13) were found predominantly in the thoracic esophagus 
(84%), with a slight tendency to cluster in the upper and lower thirds. 
This pattern has been observed in both resident and nonresident urban 
cases. Cancers of the cervical and abdominal esophagus are rare. 

Burrell found the mid-third affected more frequently than we have 
recorded. He finds, as we have, that carcinoma of the cervical esophagus 
is very rare (21). 

In Northern China, however, Liu e¢ al. (87) found 8.3 percent of the 
squamous carcinomas were in the upper third, 32.5 percent in the mid- 
third, and 39.2 percent in the lower third, and 20 percent in the cardia 
of the stomach. All cases of adenocarcinoma occurred in the cardio- 
esophageal junction. 


Etiologie factors in esophageal cancer 

Alcohol—Consumption of alcohol in large quantities has long been 
recognized as a factor of importance (29, 95). It has been shown that, in 
the Chinese, carcinoma of the esophagus is associated with the drinking 
of local alcoholic beverages (87). Most Bantu consume fermented cereal 
drinks known as ‘“Kaffir beer” and “‘Magou,” of low alcoholic content. 
Large volumes are drunk, so that the daily intake of alcohol frequently 
reaches 70 ml. In addition, there is a group of illegal beverages of higher 
alcoholic content, the consumption of which in Johannesburg seems more 
or less limited to males. Patients were accordingly questioned about 
their alcoholic habits. Table 14 shows the difference between groups of 
patients. Approximately 50 percent of cancer patients with or without 
esophageal cancer took no alcohol or drank only slightly fermented 
cereals. The rest admitted drinking stronger beverages, but the data for 
individual cancer sites are insufficient for significant conclusions and are 
relatively unsatisfactory. 
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TaBLE 14.—Alcohol data—Johannesburg Bantu residents (expressed as percentage of 
total in group) 








Magou Number 
and Rein- of patients 
No Kaffir forced Type un- inter- 
alcohol  beeronly _ spirits known viewed 
Males 
SN oii tecananwe Ker 21 30 45 + 146 
ere eee 21 25 19 35 72 
pS re 19 33 26 23 43 
OS Sere 26 26 30 17 23 
Large intestine........ 50 13 25 13 8 
0 Se re 8 15 46 31 13 
Females 
CI iviecnmncnacens 51 37 12 1 217 
| See Tere re 50 33 17 0 12 
CS 63 25 13 0 8 





* Patients with cancer of other sites not generally believed to be etiologically related to alcohol. 


It must be borne in mind that accurate estimates of drinking habits 
are difficult to obtain from primitive peoples, probably on account of 
poor memory. This has been confirmed by comparisons we have made 
of the consumption claimed and the money spent. On the other hand, 
since the Bantu male does not generally regard heavy drinking as a fault, 
there seems less reason for deliberate concealment than in white groups. 

Burrell (20), in an investigation of esophageal cancers in Bantu patients, 
has shown that in East London cases with carcinoma of the esophagus 
tended to live in the vicinity of particular shebeens (i.e., “‘speak-easies’’) 
where drinks were brewed in tar barrels and often deliberately contami- 
nated with carbide. In Johannesburg, experts in the police force confirm 
that beers are brewed in receptacles of various sorts but state that when 
tar barrels are employed they are usually well cleaned. 

In the rural areas of the Ciskei and Transkei of the Southeastern 
region of the Union of South Africa, where there is a strikingly high inci- 
dence of esophageal cancer, the association with illicit brewing in tar 
barrels is not apparent (21). 

Nutrition.—The significance of nutrition in cancer of the esophagus is 
not known but a high frequency of this disease is reported from Japan, 
India, China, and Dutch Guiana where the nutritional background is 
poor by Western standards (126). The possibility that esophageal cancers 
in the Bantu may be associated with hyperkeratosis following a vitamin 
A deficiency has been considered. An analysis of livers from Bantu pa- 
tients dying of various causes, however, has revealed no generalized 
deficiency of vitamin A, and our nutritional studies confirm this. In 
East Africa where vitamin A deficiency may be common, no increase in 
esophageal cancer has been reported (86, 85). Iron deficiency as seen in 
the Scandinavians (/) does not appear to be a factor (136). 

Social ciass—Clemmesen and Nielsen (30) found that males of the 
poorest classes are more susceptible to esophageal cancer than those of 
the high-income groups. Although we found that Bantu males showed a 
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high incidence, Bantu females had fewer cancers than would have been 
expected on the basis of United States or Danish rates, and probably 
social status is correlated with specific environmental agents. 

Local lesions.—Postmortem studies do not support the view that peptic 
ulcer or esophagitis is common in the Bantu, although traumatic strictures 
appear to be relatively frequent (77, 91). Carcinoma of the esophagus 
superimposed on lye stricture is sometimes described (13) but is not an 
important factor in the Bantu cancers, as indicated by clinical history. 

Liu et al. (87) have confirmed the intake of hot foods in Chinese patients 
with esophageal cancer, and Burrell (20) has shown a reduced sensitivity 
to oral temperatures in his patients. The Bantu, however, do not eat 
food of excessive temperatures, and therefore this factor would seem 
of minor importance in our cases. 

In conclusion, carcinoma of the esophagus in the Bantu is almost 
certainly linked with environmental carcinogens, some of which are 
probably related to habits associated with drinking. These carcinogens, 
however, appear to be limited to certain localities in South Africa and 
are apparently not present in other parts of the continent (22, 37). 


Esophageal cancer in Cape Coloreds 


Although the Cape Colored population in Johannesburg is notoriously 
addicted to drinking wines and spirits, they showed no increased incidence. 
Their drinks, however, are of European type, and few use the shebeens 
frequented by the Bantu. 


Stomach and Large Intestine 

Stomach 

In the Bantu, the incidence of carcinoma of the stomach is less than 
half that in the United States white or Negro groups or in Danish whites. 
It is unlikely that this is due to underdiagnosis, as every attempt was 
made in the hospitals to investigate fully any patient in whom this diag- 
nosis was suspected. Microscopic confirmation of our registered cases 
was relatively infrequent, the percentage with such confirmation being 
lower than for any other site. Furthermore, a high proportion of cases 
of cancer of the stomach was registered by general practitioners (table 3), 
many of whom practice among whites, in whom this cancer is relatively 
common. It is thus possible that they have overdiagnosed gastric cancer 
in Bantu patients, and the true rates for gastric cancer may be even 
lower than those presented. On the other hand, even in Denmark a large 
proportion of gastric cancers is registered from sources other than hospitals 
(31, 32). 

Two leiomyosarcomas of the stomach were also registered during the 
survey period. 

Stomach carcinoma in Cape Coloreds—In Cape Colored males, more 
cases of stomach carcinoma were observed than would have been expected 


from the United States rates, whereas in females, the incidence was of 
the same order. 
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Large intestine 


Cancer of the colon and rectum among the Bantu was observed only 
one tenth as frequently as would have been expected from United States 
whites and Negroes or Danish whites. This low incidence of one of the 
more common cancers in civilized communities is striking. Carcinoma 
of the large bowel also appears to be rarer in Cape Coloreds than would 
be expected, and the combined figures for males and females are 
significantly lower than those expected from United States figures. 


Etiologic factors in stomach and large-intestine carcinoma 


Social class —The mortality figures produced in Great Britain in 1931 
(107) show that the incidence of carcinoma of the stomach increases 
steadily from class 1 to class 5. It is of interest, therefore, that this 
carcinoma should be so rare in the Bantu, whose standard of living is 
lower than that of class 5 in England. This contrasts with our observa- 
tion in Cape Coloreds. The standard of living of the latter in general 
corresponds to that of social classes 4 and 5 of the Registrar-General, 
though a few have a distinctly higher standard of living and their dietary 
habits conform more closely to the white pattern (16). In Norway and 
the United States, mortality from cancer of the stomach has been decreas- 
ing. ‘This has been associated with an improvement in standards of liv- 
ing (108). While this interpretation may well be correct, it is of interest 
that an entirely different standard of living far below that of the inhab- 
itants of Oslo or of Great Britain is associated with an incidence of can- 
cer of the stomach which is only a half to a third of that expected. 
This emphasizes that in any country, social classes involve specific 
environmental factors, so that social-class comparisons between different 
countries and races are not valid. 

The incidence of cancer of the large intestine does not appear to alter 
with social class (49). 

Blood groups.—An association has been demonstrated between the 
presence of blood-group A and susceptibility to cancer of the stomach 
(2). Among the general Bantu population the frequency of blood-group 
A is two thirds that encountered in the white population (117). At 
most, therefore, this can account for a slight reduction in incidence, 
since having blood-group A renders an individual only 20 percent more 
susceptible to carcinoma of the stomach. 

Parasites.—Large-bowel infections such as amebiasis are relatively com- 
mon in the Bantu and are adequately investigated in hospitals. It is 
unlikely, therefore, that carcinoma of the colon would be missed or that 
patients would not present themselves at the hospital. Postmortem and 
clinical studies indicate that diverticulosis and ulcerative colitis are 
almost unknown in the Bantu in the Johannesburg region. Mild Schisto- 
soma hematobium infestation is common in the urban Bantu male, and 
the absence of increased frequency of carcinoma of the large intestine 
confirms the conclusion of Dimmette, Elwi, and Sproat (39) that schisto- 
somiasis has no proved relationship with intestinal carcinoma. 
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Other conditions.—Pernicious anemia is rare in the Bantu, as is peptic 
ulcer (77). We have no figure on the frequency of atrophic gastritis. 

Regional differences.—Reports from Nigeria (58, 122), the Cameroons 
(23), French Guinea (24), Kenya (135), Uganda (36), Southern Rhodesia 
(62), and Ghana (55) all emphasize the relative rarity of cancer of the 
stomach in tropical regions of Africa. It is interesting therefore that in 
Katana in the Belgian Congo, Ceutrick (25) has reported a relatively 
high frequency of cancer of the stomach and gastroduodenal ulcers. 

In some countries both stomach cancer and cancer of the large bowel 
are common, 7.e., in North America, although these tumors do not nec- 
essarily increase or decrease simultaneously. Rennaes and @stberg (108) 
have shown that in Oslo the number of deaths from cancer of the colon 
increased considerably during 1930 to 1950, whereas the number of 
deaths from cancer of the stomach actually decreased. In England and 
Wales during this period, there was a decrease in mortality from both 
of these cancers. In Japan, on the other hand, carcinoma of the stomach 
is common and carcinoma of the large bowel rare (114). The same is 
true of our Cape Colored population. In the Johannesburg Bantu, both 
cancers are rare. 

These three different patterns in gastrointestinal-tract cancer present 
not only a raison d’étre but a major challenge in cancer demography. 
Hypotheses abound (68) and yet no significant advance has been made 
in identifying the etiologic factors responsible. 

In view of the mobile nature of the Bantu population, any attempt to 
relate cancer incidence to type of soil would seem premature. It is diffi- 
cult to avoid suspecting the diet, including the methods of cooking and 
preparing the food. A high incidence of large-bowel cancer has yet to be 
reported from a community living on a simple, unspiced, “natural diet.” 
The relevant features of the “natural diet’? remain to be discovered, 
though it may be noteworthy that in the Bantu a large amount of roughage 
is normally consumed, and constipation in the Western sense is rare. 
Further details relating to dietary background and cooking methods are 
presented in the Appendix, part II. 


Liver 


The literature on cancer of the liver in Southern Africa has recently 
been reviewed (100). Among males in the Bantu population of Johannes- 
burg, it was the most common cancer, confirming our preliminary report 
(102). Final rates are given in the present paper (table 15), and the 
frequency in both sexes is much higher than in the United States or 
Denmark especially in the younger age groups. 

Cell type.—The increase in liver cancer in the Bantu appears to be limited 
to the hepatocellular type (table 16). Previous reports of a higher fre- 
quency of cholangiocellular carcinoma are probably attributable to a 
failure to distinguish between adenoid hepatocellular tumors and the 
cholangiocellular variety (75). The ratio of hepatocellular to cholangio- 
cellular tumors reported by Edmondson and Steiner (56), who considered 
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TABLE 15.—Incidence of carcinoma of the liver in Johan- 
nesburg resident Bantu males per 100,000 per annum 








Age group Bantu U.S. white U.S. Negro 
(= 0. 6 0. 2 0. 4 

15- 2 0. 2 0 
25- 10 0.3 1,2 
35- 22 0.8 3.1 
45- 37 4.4 13. 0 
55- 45 21.1 16. 0 
65- 127 23. 5 16. 2 
75+ 59 38. 3 32. 4 

Crude rate 14 1 a 3. 2* 





* Adjusted to Bantu population. 


this distinction, is considerably lower in United States whites than among 
the Bantu. 

Age.—The increased frequency of liver cancer with age in males is 
shown in table 15. Incidence in females is not indicated, as the number 
of cases is small and the proportion clinically diagnosed is high, but in 
general, female figures show a similarly increasing incidence in the older 
age groups. Itis to be noted that an excessive number of clinical diagnoses 
is also found among males in the age group 65 to 74 and the high peak 
recorded in this age group may possibly be explicable on the ground of 
diagnostic errors. 

Season.—In patients with histologically confirmed liver cancer, more 
than twice as many were admitted to the hospital during December to 
May (47 cases) than during June to November (22 cases). This differ- 
ence, however, was noted only in the first 2 years, 1953 and 1954, when the 
ratios were 19:9 and 19:5 for the 2 periods, respectively. In 1955, 
only 9 cases were registered in the first period and 9 in the second, which 
suggests that there were fewer cancers diagnosed in the period December 
to May. This seasonal difference is not observed in other common 
cancers in our survey, 7.e., cancer of the cervix or cancer of the esophagus, 
and this clearly deserves confirmation and further study. It suggests 


TaBLeE 16.—Histological classification of primary carcinomas of the liver 


























Johannes- 
Johannesburg burg non- 
residents residents Rural All cancers 
M F M F M F M F 
a re 61 5 19 3 12 3 92 11 
Adenoid hepatocellular........ 2 0 0 0 2 O + 0 
Cholangiocellular and papillary 
adenocarcinoma............ 2 1 0 1 0 2 2 4 
RISOURPUNINOEG. 6.5 i oi6.c ee vacwoens 4 2 — 0 0 5 2 
en I oi ns he R doe KO 69 8 20 4 14 5 103 17 
Tumors of bile-duct origin as a 
percentage of total with his- 
tological diagnosis.......... 2.9 12.5 0 25 0 40 1.9 23.5 
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a seasonal distribution of a carcinogenic or cocarcinogenic stimulus having 
a very short latent period or else it may reflect variation in the reactivity 
of the liver. The absence of such seasonal variation in the clinically 
diagnosed cases of liver cancer and those detected from death certificates 
may indicate first the inaccuracies of these diagnoses and second the 
consequence of variation in survival time. Dating the cases by date of 
death will postpone the peak incidence by an amount corresponding to an 
average survival. It will also blur this peak, so it is not surprising that 
seasonal difference is no longer discernible when the date of death is 
considered instead of the date of first symptoms. 

Sex.—The sex difference observed in our figures is striking; 114 cancers 
were diagnosed in males compared with 25 females—a ratio of 4.6:1. 
The relative frequency of histological confirmation of the diagnosis varies 
in the two sexes (table 3). Consequently, the higher ratios based on 
histological or necropsy diagnoses may be more valid than those presented 
here (75). The high relative incidence in the rural areas is of more doubt- 
ful validity, due to less frequent histological examination. 


Etiologie factors in liver cancer 


The possible factors responsible for liver cancer in the Bantu have 
been considered in detail elsewhere (73, 75) and will be presented here in 
summary only. 

Cirrhosis.—Primary carcinoma of the liver in the Bantu, especially 
the hepatocellular type, occurs mainly in association with cirrhosis and 
is found in 50 percent of cirrhotic livers from males seen in unselected 
hospital necropsies. This incidence is much higher than is observed in 
Western peoples. The cirrhosis shows the histological features of post- 
necrotic or posthepatitic coarse nodular cirrhosis but its etiology has not 
been proved. The seasonal incidence and association with cirrhosis are 
consistent with a seasonal hepatotoxic event followed by hyperplasia 
which in the Bantu liver progresses to neoplasia in a larger proportion of 
cases. 

Alcohol.—We were unable to show that primary carcinoma of the 
liver was more common in alcoholic males than in the control cases 
(table 14). “Alcoholic” cirrhosis is almost unknown in the Bantu (74). 

Mining.—No association with a past history of mining has been found— 
in fact, the annual incidence of primary carcinoma of the liver appears 
to be higher in our Johannesburg population than in Berman’s South 
African Bantu mining population (9). 

Schistosomiasis.—Studies on autopsy material have revealed no in- 
creased association of liver cancer and Schistosoma haematobium (74). 
Furthermore, liver carcinoma appears equally frequent in parts of Africa 
where infestation by this parasite is not observed (22). It seems unlikely 
therefore that in this region infestation with Schistosoma haematobium 
has any relationship to the development of this tumor in man. 

Nutrition —While nutrition has been suggested as a direct cause of 
liver cancer, we believe that malnutrition and other influences to which 
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these people are exposed from early childhood may cause abnormalities 
of the liver that result in the rapid development of malignancy from the 
hyperplasia following a necrotizing stimulus. Liver cancer is thus re- 
garded as having been initiated at an early age and a viral infection has 
been suggested as the promoting factor (75). In white patients not 
subjected to these antecedent conditions, this sequence is rarely observed. 


Liver cancer in Cape Coloreds 


The incidence of primary carcinoma of the liver in males is significantly 
higher than in the United States population. In females, its incidence 
is higher but this is not significant. 


Gallbladder and Biliary Passages 


In Bantu males, tumors of the extrahepatic biliary passages and 
gallbladder were significantly rarer than in the United States white and 
Negro. In Bantu females, the number, though low, was statistically not 
significantly reduced by comparison with United States white women but 
was significantly less than that expected in United States Negroes. Fur- 
thermore, as among other races, tumors of the extrahepatic biliary passages 
appeared to be more common in females in whom we had 3 cases as com- 
pared with 1 in males in our entire survey. All 3 females had adeno- 
carcinomas, but a male patient living outside Johannesburg had a squa- 
mous carcinoma. Becker and Chatgidakis (8) have drawn attention to 
the infrequency of carcinoma of the gallbladder among the Bantu in a 
postmortem series in which they found 3 squamous carcinomas and 1 
adenocarcinoma (2 males and 2 females) in 4,494 consecutive necropsies. 
The observation that cholangiocellular carcinoma and carcinoma of the 
gallbladder and bile ducts are not increased in the Bantu; also the differ- 
ence in incidence according to sex indicate that these tumors are probably 
etiologically distinct from hepatocellular cancers. It, therefore, seems 
unlikely that primary carcinoma of the liver in the Bantu is associated 
with the presence of prolonged antecedent carcinogen excretion into the 
bile. 

Lopis (88) and Becker and Chatgidakis (8) have drawn attention 
to the relative rarity of cholelithiasis at necropsy in the Bantu; the 
latter showed that the percentage incidence of cholelithiasis in the Bantu 
female in Johannesburg is approximately that of white males of comparable 
age. The necropsy incidence of cholelithiasis in Bantu males is also 
low but shows a steady increase with age. The difference in incidence 
is most marked in regard to radiate and compound cholesterol stones, 
while for calcium bilirubinate stones there are fewer differences along 
racial and sex lines. Becker and Chatgidakis (8) concluded that multiple 
mixed stones represented the commonest type of calculus in females and 
that it was the type responsible for the major portion of the observed sex 
difference in both races. The incidence of carcinoma of the extrahepatic 
biliary passages in the Cape Coloreds is comparable with the expected 
figure, small as this is. 
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Pancreas 


Carcinoma of the pancreas was less common in the Bantu than in the 
American population but its incidence appeared to be of the same order 
as that observed in Denmark. No tumors of islet cells were found in 
our survey. Our findings therefore do not support the view (28) that 
damage to the pancreas in early childhood associated with kwashiorkor 
may be precancerous, since kwashiorkor is a relatively common condition 
in this population. 

The Cape Colored survey was not informative for this site. 


B. Respiratory System 


Paranasal Sinuses 


Incidence.—Attention has been drawn to the high relative frequency of 
carcinoma of the paranasal sinuses in the Bantu (83, 98). Although the 
number observed in our survey was small, a real increase in carcinoma of 
the sinuses was apparent (tables 7 and 9) in both urban and rural areas. 
The figures in the United States survey are so small that they preclude cal- 
culation of an expected figure, which indicates its rarity in the United 
States. 

Sexz.—In the Johannesburg area no cases were observed in females 
although there were 9 cases in males (1.7% of cancers). This prepon- 
derance among males is not evident in rural hospitals where the number 
of cases in each sex admitted is similar (table 9)—3.4 percent of total 
male cancers and 2.8 percent of female cancers. The figures for non- 
resident patients in Johannesburg are intermediate between urban and 
rural, viz., 7 of 350 males with cancer (2%) and 5 of 444 females (1.1%). 

Site and type of carcinoma.—All 31 carcinomas arose in the maxillary 
antra. Of the 23 examined histologically, 16 (70%) were squamous 
carcinomas, 3 (13%) were transitional-cell carcinomas, 3 (13%) were 
anaplastic, and 1 (4%) was an adenocarcinoma. 


Etiologic factors in sinus cancer 


It has been suggested (83) that this high frequency is dependent on 
the inhalation of local snuffs to which additional ingredients, notably 
burnt vegetable matter, are usually added. From these local snuffs, 
known carcinogens (viz., benzo[a]pyrene and benzo[a]perylene) have 
been isolated (34). In our survey of tobacco habits in Alexandra, it was 
found that snuff-taking is more common in females in Johannesburg 
(table 11). In a survey conducted in rural hospitals on patients over 
14 years of age, it was found that 57 of 210 males (27%) and 90 of 256 
females (35%) used snuff (table 12). The habit is apparently more 
common in rural than in urban peoples, and in both groups, females use 
snuff more often than men. In rural areas, many snuff takers use it 
orally, generally placing the snuff in the vestibule between the lower 
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TaBLE 17.—Snuff habits—all cases of antral cancer (31 patients) 





Males Females 





Informa- Informa- 
No tion No tion 
Snuff snuff wanting Snuff snuff wanting 





Johannesburg residents... .. 3 
Johannesburg nonresidents. . 1 





0 
1 
4 
5 





lip and incisor teeth. Oral snuffing was more common than nasal snuffing 
in patients at the Donald Frazer Hospital in the Northern Transvaal. 

A greater frequency of addiction to snuff was found among patients 
with antral cancer (tables 11 and 17) but nearly half of our cases denied 
using snuffs, and other carcinogenic stimuli are probably involved as 
well. It is possible for example that the smoky atmosphere in many 
Bantu huts exposes rural Bantu to carcinogens from this source although 
severe anthracosis of the lung is not as a rule found in rural Bantu. 

The influence of sex must also be considered since no antral cancers 
were observed in females in Johannesburg although they snuffed more 
than men. This fact is of interest in view of the sex difference in lung 
cancers, usually attributed solely to differences in habits. 

There is no evidence of increase in cancer of the paranasal sinuses 
in the Cape Colored group. 

Larynz 

This cancer was significantly less common in Johannesburg Bantu resi- 
dent males than expected from United States whites and Negroes. In 
Bantu females its incidence is the same as expected, the male prepon- 
derance being lower in the Bantu than usual. 

Colored and rural Bantu figures were too small for analysis. 


All six male cases on whom we have information smoked cigarettes 
or a pipe or both. 


Lung 


In Bantu males the number of lung cancers observed was significantly 
lower than expected in both the United States white and Negro popula- 
tions but was only slightly less than what would have been expected from a 
Danish population (table 7). Among Bantu females the number was 
similar to that in a Danish population and lower than expected from the 
United States. The proportion of our cases with histological confirma- 
tion (70%) was reasonably high. 

It is possible that, owing to a widespread belief in the rarity of this 
disease in the Bantu, cases of carcinoma of the lung may be wrongly 
diagnosed as tuberculosis and never subjected to biopsy. Underdiagnosis 
rather than overdiagnosis is thus more likely, especially in rural hospitals. 
Nevertheless, in both Johannesburg and rural cases (with a low rate of 
microscopical confirmation) the percentage of cancers originating in the 
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lung was essentially the same, viz., 7.7 percent for urban males compared 
with 7.4 for rural males, and 1.47 percent for urban females compared 
with 0.4 percent (1 case) for rural females. A high lung-cancer rate has 
also been reported in the Southern Rhodesian Bantu (105) but no increase 
has been noted in Uganda (37). 

The frequency of carcinoma of the lung in the Cape Coloreds deserves 
special mention, since in males, carcinoma of the lung was significantly 
higher than expected from United States populations and accounts for 
22 percent of all cancers observed. No increase was evident in Cape 
Colored females. 

Histological type.—In table 18, lung cancers are classified according to 
histological type. Among Bantu males the majority belong to Kreyberg’s 
group 1, 7.e., squamous carcinoma, and large- and small-cell anaplastic 
carcinoma, and only 5 of 38 (13%) belong to his group 2, which includes 
the adenocarcinomas; among females, adenocarcinomas form a larger 
proportion—3 of 7 (43%). In the Cape Colored, of the 13 lung 
cancers that were microscopically examined, 12 were classified in 
Kreyberg’s group 1. Duchen (50) examined a series of necropsies in 
Johannesburg and found that of 17 lung cancers in Bantu males, only 2 
belonged to Kreyberg’s group 2. 

These observations agree with the suggestion (43, 86) that the increase 
in carcinoma of the lung is due to an increase in group 1 caused by 
exogenous factors such as smoking. 

Sex.—The Johannesburg cases showed a ratio of 5.7 males per female. 


This is the pattern observed in regions of relatively high lung-cancer 
incidence (42). 


TaBLE 18.—Histological classification of lung carcinomas (Bantu) 





Males Females 





Johannes- Johannes- Johannes- Johannes- 
burg resi- burg non- burg resi- burg non- 
Type* dent resident Total dent resident 


Group 1 21 8 29 3 
Group 2 3 2 5 2 
Unclassified 3 1 4 — 








Total 27 1l 38 5 





*Grouping according to Kreyberg (86). 


Etiologie factors in lung cancer 


Approximately 50 percent of the males in the Alexandra township stated 
that they smoked cigarettes or pipes (table 11). The amount smoked, 
however, was small and averaged between 3 and 4 cigarettes per day. 
Among cases with cancer of organs other than the respiratory tract, 
the proportion stating that they had smoked was somewhat higher than 
50 percent but the quantity was equally small. Cigarette smoking is 
rarer among females, who are more addicted to snuff than males. In 
those under 45, cigarette smoking is as common as snuffing; in those 
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over 45, smoking is very rare and snuffing much commoner (table 11). 
Although the proportion of lung-cancer cases with a history of smoking 
is higher than that reported for the normal population in the Alexandra 
township, it is not higher than that reported for cases of cancer of non- 
respiratory organs. However, the proportion of cigarette smokers 
among lung-cancer patients is higher than among the controls of the 
older age groups. Further, the figures clearly indicate increased smoking 
among younger adults. Of 5 females with lung cancer, none smoked 
and 2 snuffed. The significance of these figures is difficult to assess 
because of the small numbers involved. The similarity of the Danish 
and Bantu lung-cancer figures in females is of interest in view of the 
belief that there has been insufficient duration of cigarette smoking 
in this sex in Denmark to produce a significant increase of lung cancer. 

Of the 18 cancers registered among Cape Colored males, information 
was available on 16, all of whom had a history of using tobacco; 14 smoked 
cigarettes or cigarettes and pipe, 1 a pipe only, and 1 used snuff. It may 
be noted that the Cape Colored group is well known for its heavy smoking; 
this habit is indulged to a much greater extent than among the Bantu. 

We may conclude that lung cancer is relatively common among Bantu 
and very common in Cape Colored males in Johannesburg. If the inci- 
dence among the Bantu males is to be attributed to cigarette smoking 
certain additional influences must be considered in view of the relatively 
small average amount smoked by each individual. 

First, cigarettes are probably smoked much closer to the end and the 
collection and smoking of discarded butts is usual. This is suggested by 
general observation only, and we have no statistical data on this aspect. 

Other possible etiologic factors include the open fires in many Bantu 
dwellings, which permit considerable internal atmospheric pollution.* In 
30 percent of households in the Alexandra township, braziers were used 
for heating (table 42). These fires were not necessarily employed indoors, 
but are so used, and lead to a number of deaths each year from carbon 
monoxide poisoning. 

Several workers have considered the possibility that the uranium content 
of gold mines in this region may be responsible for carcinogenesis in the 
lung or elsewhere. No increase of carcinoma of the lung has been demon- 
strated in white miners (104). In our series, the number of gold miners 
was insufficient to permit conclusions regarding the possible influence of 
this occupation on susceptibility to cancer, but our findings did not 
indicate that gold mining was associated with an obviously increased 
susceptibility to cancer. 


C. Breast 
Male Breast 


A high frequency of cancer of the male breast relative to cancer of the 
female breast has been reported from Uganda (36) but this may merely 


6 Since the submission of this paper, Dean (Brit. M. J. 2: 852-857, 1959) has produced additional evidence regard- 
ing the possible role of atmospheric pollution in South African cities, 
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reflect the low incidence of breast cancer in females. In Johannesburg, 
the incidence of breast cancer of the Bantu male was of the same order as in 
the United States. 

Mild gynecomastia is common in the Bantu in Johannesburg and has 
been macroscopically diagnosed in one third of consecutive necropsies on 
hospital patients (120). In most of these breasts, microscopy shows that 
hyperplasia involves the stromal rather than the glandular elements and is 
of relatively slight degree. It does not seem, however, that this lesion is 
related to subsequent malignant change, which is in line with the experi- 
ence of others (80, 121). The contrary opinions of Davies and Marsden 
are based on relative figures rather than incidence rates (36, 93). 


Female Breast 


Our results show that the low relative frequency of breast cancer in 
earlier reports represents an absolute reduction in the incidence of carci- 
noma of this site in the Bantu female as compared with United States 
white and Negro groups (table 7). The number of Bantu cases is too small 
for satisfactory analysis by age groups, but a steady increase with age is 
apparent (table 19). The rates are lower than in the United States or 
Denmark. The frequency appears similar to that observed in Japan 
(114). 


TABLE 19.—Age-specific incidence of carcinoma of the female 
breast—Johannesburg Bantu 





Rates per 100,000 


Age Cases US. US. 
group’ registered Bantu Danish white Negro 


2 1. 0. 1. 6 2. 
25- 8 5. 8. 19. 0 16. 
35- 8 9. 47. 78. 5 62. 
45- 15 36. 91. 151. 1 103. 

6 

9 

2 








15- 


55- 41. 139. 203. 5 170. 
65- 111. 183. 254. 5 212. 
75- 49. 190. 358. 9 165. 





Histological types—The histological classification of all breast carci- 
nomas in this series is given in table 20. Analysis of histological types of 
cancer in 77 cases has been carried out according to the grouping employed 
by van Rijssel (133). Class I includes the carcinomas of distinct differen- 
tiation and minor infiltration, 7.e., duct carcinomas (comedo, cylindro- 
matous, cribriform, cystopapillary, Paget’s disease of the nipple), lobular 
carcinoma, pure colloid carcinoma, medullary carcinoma with lymphoid 
stroma, and clear-cell carcinoma. Class II consists of invasive adeno- 
carcinomas and Class III of undifferentiated carcinomas. 

It will be seen from table 20 that adenocarcinomas are rare. A very 
large percentage of Bantu breast cancers fall into the third group, pre- 
sumably because of the late stage at which many of these patients present 
themselves for treatment, by which time many cancers have advanced 
beyond the confines of the ducts. 
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TABLE 20.—Histological classification of mammary 
carcinomas in the Bantu 





Percentage 
Histological Number of Percent- in Dutch 
type* cases age women* 





I 12 16 22 
IT 5 6 31 
III 60 78 47 


Total 77 100 100 





*According to van Rijssel (133); also see text. 


Breast Cancer in Cape Colored 


Carcinoma of the breast in the Cape Colored population was found 
half as frequently as would have been expected from United States pop- 
ulations. Their reproductive behavior is similar to that of the Bantu. 
The age curve is the same as that observed in the United States Negro 
and shows a fall in the age groups over 65 years. 


D. Female Genital Tract 


Cervix Uteri 


Carcinoma of the cervix was the commonest malignant tumor in Bantu 
females, in whom it accounted for 41.7 percent of all cancers recorded in 
the Johannesburg population. 

This tumor was more frequent than in United States and Danish whites 
but less than in the United States Negro. ‘The age curve was almost 
identical to that of the United States Negro, the maximum frequency 
being in the seventh decade (table 21 and text-fig. 4). 

Histological types—Of those Bantu tumors examined histologically, 
96.5 percent were squamous carcinomas and only 3.5 percent were 
adenocarcinomas. (This relative rarity of adenocarcinomas in a people 
showing a high incidence of cervical cancer has been observed in the 
United States figures.) There were only 2 carcinomas in situ, a ratio 
of 1:51 squamous carcinomas of the cervix, which may reflect the less 
intensive screening of asymptomatic cases among the Bantu. The distri- 
bution of histological types in Johannesburg residents, nonresidents, and 
rural hospitals was similar. 

Stage.—In table 22, the percentage of Bantu patients with cervical 
carcinomas admitted to hospital at a relatively early stage of the disease 
(Stages 1 and 2) are shown. The proportion of cancers in the early stages 
is significantly less among the Bantu than in patients admitted to hospital 
in the United States Midwest. Advanced tumors are especially frequent 
in the older age groups and among rural patients. This probably reflects 
differences in education and lack of sophistication among the latter group. 


Cervical cancer in Cape Coloreds 


Carcinoma of the cervix in Cape Coloreds is a common tumor, compris- 
ing 37 percent of all female cancers, and the incidence was approximately 
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RATE /100,000 


250. U.S. WHITES 
U.S. NEGRO 


S.A.BANTU 

















TEXT-FIGURE 4,—Incidence of carcinoma of the cervix by age and race. 


TaBLE 21.—Incidence of carcinoma of the cervix uteri in the 
Johannesburg resident Bantu per 100,000 per annum 





Age group Bantu U.S. white U.S. Negro 





0 0. 3 0. 0 
2 x 
19 14, 
73 51. 


4.1 
40. 1 
112. 2 


151 


200. 3 
268. 8 
169. 8 


6 
4 
3 
133 94. 2 161. 8 
9 
0 
6 


75+ 
Crude rate ; 42. 0* 





*Adjusted to Bantu population. 
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TaBLE 22.—Percentage of Bantu patients with cervical carcinoma 
(Stages 1 and 2) on admission to hospital* 





Number 
Age stages Percentage 
Population group land2 of all stages 





o- 29 40. 8 





Johannesburg Bantu 5- 13 27.1 





18. 








Johannesburg nonresident Bantu 











Rural Bantu 











Kansas City, Kansas, U.S.A. 
(all races) 








*Cases of carcinoma in situ have been excluded. 


twice that expected from a United States white population and about the 
same as expected from a United States Negro population (table 8). 


Corpus Uteri 


The low frequency of carcinoma of the body of the uterus is very 
striking—only a single case was reported in the Johannesburg Bantu and 
this was diagnosed clinically. Of 493 uterine cancers registered from all 
sources, the site was not specified in 15, 473 were from the cervix, and 5 
from the corpus uteri; a ratio of 94.6: 1. In the Johannesburg series there 
were 4 clinically diagnosed cancers of the uterus in which the site was not 
specified, but as these were registered from death certificates only, it is 
very likely that they arose in the cervix, the more common site. These 
ratios are even higher than those previously reported (71, 98). 

The low figures for endometrial carcinoma cannot be attributed to 
failure to biopsy the endometrium as this is commonly practiced, and at 
one Johannesburg Bantu hospital, an average of 500 endometrial biopsies 
is performed annually. 

In the Cape Colored population, carcinoma of the corpus uteri was 
slightly less frequent than would have been expected, and the ratio of 
corpus to cervix cancers was 1:29. 

Evidently, the incidence of carcinoma of the corpus may be profoundly 
affected by factors of race or environment. 
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Chorioepithelioma 


There were 5 cases of chorioepithelioma in our urban group, repre- 
senting a rate of 1 per 7,440 registered live births. Interpretation of this 
figure needs some caution since registration of Bantu births is not com- 
pulsory, and the actual number of births was almost certainly higher than 
the number registered (37,195). Infantile mortality rates suggest that 
the number of births might easily be 10 percent higher than that stated. 
The rate of chorioepitheliomas appears higher than that found in European 
and American practice, where they are observed in approximately 1 per 
40,000 pregnancies (69). In Indonesia, the tumor is very common, but 
the absolute rate is not yet established (79). 

No cases were observed in our rural material where antenatal care and 
maternity services are much inferior to Johannesburg. 


Ovary 


In the Bantu, this tumor was much less frequent than would have been 
expected from a population in the United States or Denmark. It is 
probably significant that a low incidence of carcinoma of the corpus uteri 
is also observed in this population, since these two cancers have often 
been shown to be associated. 

Carcinoma of the ovary in the Cape Colored, on the other hand, was 
observed with the same frequency as would have been expected from 
American populations. 


Reproductive and Endocrine Characteristics of the Bantu Population 


Age at menarche -—The mean age at menarche is somewhat older than is 
found in better nourished communities. In a sample of over 1,000 Bantu 
girls from Alexandra schools a mean age of 14.8 years was obtained by 
probit analysis (103), and Kark (81) made similar observations in other 
areas. This is more than a year older than that reported from English 
schools (141). 

Age at menopause-——No survey on this point was carried out in 
Alexandra township, but examination of female patients with cancer 
showed that the menopause usually occurred between 45 and 49 years of 
age. If anything, it tended to occur later in patients with cervical cancer 
than in patients with tumors at other sites although the difference was 
not significant. 

Fertility.—The fertility of this population is high (table 23A) and only 3 
percent of Alexandra women over 50 years of age stated that they had not 
borne a child. The number of stillbirths reported from the Alexandra 
township is 33.8 per 1,000, which is low, and is similar to that reported 
from the population of Great Britain and Ireland where much better 
maternity facilities are available. If these figures can be accepted, they 
suggest that malnutrition of the degree occurring here has not significantly 
affected the fertility or stillbirth rate. Much lower miscarriage rates were 
reported from this population than had been expected, presumably because 
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miscarriages may not be recognized as such or are easily forgotten; still- 
births, however, are more likely to be remembered. 

It will be observed in table 23A that the average number of pregnancies 
appears to increase after the menopause. This is due presumably to the 
presence of different cohorts in the population. Higher pregnancy rates 
were obtainable in hospital patients from the country than from the towns, 
and probably the older urban women present a reproductive history which 
conforms more to the rural than to the urban pattern (table 24). 


TABLE 23A.—Average num- TaBLE 23B.—Percentage of women in 
ber of pregnancies per Alexandra township contracting first 
parous woman in Alex- union/marriage in quinquennial age- 
andra township (Johan- groups 

nesburg) 








Age group’ Stated age Probable age* 
Number of (years) (percent) (percent) 
Age group pregnancies 








Under 15 
15- 
20- 
25- 
30- ; 
35+ .6 





*Based on age at first pregnancy. This age is still 
high, since it excludes unions without pregnancy, 
an error also present in American figures (84). 


NNO SOUP WON = OS 





TABLE 24.—Pregnancies in patients with cancer of the breast and cervix uteri 





Patients Number of 
giving No pregnancies Number 
information information reported expected* 





Carcinoma of breast 
Johannesburg cases 35 15 191 200 
Rural cases 39 17 263 231 
Carcinoma of cervix 
Johannesburg cases 172 26 874 943 
Rural cases 156 27 991 907 





*According to rates from a similar population in Alexandra township. 


Number of pregnancies —The number of pregnancies recorded among 
patients in the city with cervical cancer does not differ significantly from 
the figures that would be expected from women in the Alexandra town- 
ship (table 24). Childlessness was rare and was reported in only 1 of the 174 
cervical-cancer patients and 1 of the 35 breast-cancer patients. Review 
of the age at which cervical-cancer patients gave birth to the first child 
did not suggest that these patients differed significantly from the general 
population, but this age is very much lower than in America. The cases 
with breast cancer suggested, however, that some of these had their first 
pregnancy at a later age than did the cases in the cervical-cancer group. 

Age at first marriage.—Cervical-cancer patients again did not differ 
significantly from the general population, but patients with breast cancers 
tended to marry later. It should be borne in mind, however, that among 
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the Bantu, premarital sexual relations and early marriage are common. 
A survey, carried out in Alexandra township using a life-history pro- 
cedure, indicated that in many instances sexual intercourse commences 
soon after puberty and pregnancy often precedes marriage. In fact, 
premarital conception is sometimes required as proof of fertility (table 
23B). 

Lactation.—Bantu mothers generally breast-feed their babies and, of 
847 mothers questioned in the Alexandra township, only 4 stated they 
had not. Breast-feeding sometimes continues up to 3 or 4 years, but in 
the average case it ceases when the infant is approximately 1 to 1% years 
old (111). 

Cireumeision of the husband.—The number of circumcised husbands, 
based on the reports of wives, who were either nonresidents or residents 
of Johannesburg, is given in table 25. For Johannesburg residents, no 
difference is demonstrated between cervical-cancer cases and all other 
cancers, whereas for Johannesburg nonresidents, a slight difference is 
demonstrable between the two groups. This difference, barely signifi- 
cant, suggests a slightly lower rate of circumcision among the cases with 
cervical carcinoma. It does not appear from these figures in the Bantu 
population that there is a close correlation between carcinoma of the 
cervix and the state of circumcision of the husband, but this observation 
needs to be interpreted with caution since fidelity to one partner is often 
shortlived in the cities. Furthermore, the reliability of the wife’s knowl- 
edge of the state of the circumcision of her husband is difficult to assess. 
However, tribal background was supportive in that tribal custom regarding 
circumcision agreed with the answer given by the wife. 


TasLE 25.—Number of husbands circumcised, based on report by wives* (1953-55) 





Carcinoma of cervix Cancer of other sites 





Cireumcised Uncireumcised Circumcised Uncircumcised 
Johannesturg resident 39 (46%) 45 (54%) 33 (47%) 37 (53%) 
Johannes! urg non- 


resident 42 (51% 41 (49% 48 (61%) 31 (39% 








*Only women interviewed by social worker. 


Myomas.—Myomas were observed in approximately 30 percent of 
consecutive Bantu necropsies at Baragwanath Hospital. These tumors 
were present in premenopausal women far more frequently than would be 
expected from American white figures. In the 15 to 34-year-old groups, 
myomas were approximately twice as common as in a Midwest white 
population from Kansas City. 

Local lesions—It has been suggested that laceration and chronic in- 
flammation may predispose to cervical carcinoma, possibly by inducing 
a local concentration of estrogen. We are unaware of any satisfactory 
data regarding the frequency of such lacerations and chronic cervicitis in 
population groups. In a series of 33 consecutive necropsies on Bantu 
females we found evidence of chronic cervicitis in 8 (24%), as evidenced by 
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plasma-cell and lymphocytic infiltrates. It is difficult to decide exactly 
what constitutes cervicitis, 7.e., how many inflammatory cells must be 
observed, and our data should not be regarded as absolute. 

Hormonal background.—No information is available regarding estrogen 
metabolism in African females. In Bantu males in Johannesburg, some 
increase in the total estrogen excretion per 24-hours has been observed 
as compared with South African white males; also increases in the abso- 
lute and percentage estradiol excretion levels have been reported (10, 
14). No significant differences were demonstrated in the estrone and 
estriol fractions. These changes do not correlate well with the mild 
liver damage so common in the Bantu. Further, no significant difference 
between Bantu males with gynecomastia and Bantu controls has been 
shown, so the association between gynecomastia, liver damage, and hyper- 
estrogenation is still far from clear. Recent work by Hadfield (67) and 
others has implicated pituitary mammotrophic hormone in breast growth. 
Such studies have not been made in the Bantu. Certainly to attribute 
both cervical and endometrial carcinomas simply to hyperestrogenism 
is inadequate in view of the differences in the incidence of these two cancers 
shown by our material. 


Conclusions 


While the pattern of cancer observed in these sites partly conforms to 
what would have been expected from a population with the reproductive 


characteristics given above, the incidence of cancer of the corpus uteri 
and breast is even lower than expected from similar studies elsewhere, nor 
does the incidence of carcinoma of the cervix equal that of the American 
Negro. 

In a general pathological practice, chronic endometritis is common in 
the Bantu, usually associated with septic abortion, but cystic hyperplasia 
of the endometrium is rare relative to other lesions of the endometrium 
and when present is usually found in association with uterine myomas. 
It is thus probable that either the hormonal background of the Bantu 
female or her high fertility protects her against the development of 
endometrial cancer. 

The high reproductive rate, low social class, early commencement of 
sexual intercourse and early pregnancy, multiple sexual partners, frequent 
intercourse, and possible lack of penile hygiene are all commonly associated 
with a high incidence of cervical cancer. The absence of correlation be- 
tween circumcision of the husband and cervical cancer in the Bantu of 
Johannesburg is of interest and is consistent with recent findings in the 
United States by Dunham (81). 

This finding was unexpected in view of the large number of earlier investi- 
gations that have shown an association between circumcision and reduced 
incidence of cervical carcinoma. Many of these, however, compared 
different racial groups rather than different groups within a single popu- 
lation—always a somewhat dangerous basis for epidemiological deductions 
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as we have seen in considering the association of social class with cancer 
of the stomach. 

The colored population shows a low breast-cancer incidence (about half 
that expected), a cervical-cancer incidence comparable with that of the 
United States Negroes, a lower relative frequency of cancer of the corpus 
uteri than expected, and a comparable frequency of cancer of the ovary. 

The Cape Colored thus do not occupy an intermediate position; each 
site has its own incidence—for some, 7.e., the breast, they resemble the 
Bantu, in others, 7.e., the cervix, the United States Negro, and for the 
ovary, the United States whites and Negroes. Too few cancers of the 
uterine corpus were encountered for comment. 


E. Male Genital System 


Prostate 


From a review of the literature Steiner (126) concluded that prostatic 
cancer was probably as common in Afro-Asian people as in Caucasoids. 
On the other hand, the rate appears to be exceedingly low in Japan (114). 

In the Johannesburg survey, cancer of the prostate accounted for 4 
percent of male tumors in Bantu and its incidence is similar to that ex- 
pected from a Danish population. This is, however, very much lower 
than in the United States populations. 

In a postmortem study by Barnetson (3) on South African whites and 
Bantu-speaking subjects, the frequency of latent carcinomas in the 
prostate was no less in Bantu patients than in whites, but the number in 
the older age group was small. The difficulty of defining carcinoma of the 
prostate, however, is considerable in view of the high proportion of latent 
cancers revealed by careful examination at necropsy, so that comparisons 
of the incidence of this tumor will be greatly affected by the diagnostic 
methods employed. This does not, however, explain the greater incidence 
found in the United States Negroes by comparison with United States 
whites. 

A similar problem is evident from our survey, for among the Cape 
Colored, carcinoma of the prostate was as common as in the American 
Negro. This suggests that the low incidence of the disease in the Bantu 
is real and not explicable by diagnostic difficulties or inferior hospital 
facilities, since these are shared by both the Colored and Bantu races. 


Etiologic factors in prostatic cancer 


Of the 10 tumors examined histologically, none showed schistosoma ova. 
Barnetson found schistosoma ova associated with only one carcinoma of 
the prostate in a survey of 21 cancers in whites and Bantu examined at 
Pretoria. No association between schistosomiasis, therefore, and cancer 
of the prostate has been found. 

Benign adenomatous hyperplasia of the prostate is not rare in the Bantu 
but necropsy studies suggest that the more severe degrees may be less 
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frequent than in the American white (3, 120). While it is generally 
accepted that carcinoma of the prostate is related to hormonal balance, 
the nature of this imbalance is unknown. Sommers (124) has suggested 
that higher levels of estrogens may be responsible for atrophy and malig- 
nant change and lower levels for hypertrophy, but our observations in 
association with the available hormonal data do not support this view. 
The picture is confused, therefore, and it is difficult to believe that a single 
factor explains the low incidence in both the Bantu and the Danish popu- 
lations. It seems more likely that the United States incidence is unduly 
elevated. 
Testis 


The incidence of this cancer in the South African Bantu is low since 
only 2 cases were observed as compared with an expected 22 from Ameri- 
can whites and 30 from Danish whites, which confirms a previous ratio 
study (98). Cancer of the testis, unlike most other genital tumors, ap- 
pears to be rarer in United States Negro males than in United States 
whites (40). Too few cases were observed in Negroes in the United 
States survey to permit calculation of an expected number, but since only 
8 cases were reported from a population of 968,947 males, one may con- 
clude that the frequency in the Negro approximates that observed in the 
Bantu. It is noteworthy that testicular cancer is also rare in Japan (114). 

No satisfactory explanation is apparent but it is interesting that the 
incidence is low in populations with high fertility. 


Penis 


Carcinoma of the penis accounted for 1.7 percent of cancers in Johannes- 
burg Bantu males, and the frequency is slightly higher than expected in 
United States whites and comparable with that of United States Negroes. 
For comparison with American Negroes, Dorn and Cutler have kindly 
provided us with data from which the expected figure given in table 7 has 
been calculated. In Uganda, Davies reported 11 penile carcinomas as 
compared with an expected 1.2 at British cancer rates (37). 

The incidence of carcinoma of the penis is greatly influenced by cir- 
cumcision and personal cleanliness and is almost completely prevented by 
circumcision at an early age. Circumcision is a widespread custom in 
South Africa among the Bantu and was formerly practiced by almost all 
tribes (112), although now it has been given up by a number of Nguni 
tribes, i.e., the Zulu and Swazi (134). Circumcision forms part of the 
initiation ceremony, which takes place during or after puberty and 
accordingly can be expected to have less effect than circumcision in infancy. 

Of 19 cases of penile cancer seen in the Johannesburg hospitals with an 
adequate history, 6 were in circumcised patients in whom circumcision 
had been performed at ages varying from 14 to 29 years. The proportion 
of circumcised patients in hospital is given in table 26, from which it is 
evident that circumcision is slightly less common in Bantu patients with 
carcinoma of the penis than in control patients with other cancers. This 
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TaBLE 26.—Circumcision data for patients with cancer of the penis and other sites 











Johannesburg resident Johannesburg nonresident 
Circumcised Uncircumcised Circumcised Uncircumcised 
All ages 87 (42%) 119 (58%) 48 (36%) 84 (64%) 
14-44 Years 28 (34.6%) 53 (65.4%) 16 (33%) 32 (67%) 
45+ 59 (47.2%) 66 (52.8%) 32 (38%) 52 (62%) 
Mean age at 
circumcision 19.4 years 18.1 years 





Circumcision in patients with cancer of the penis 


4 (50%) 4 (50%) 2 (18%) 9 (82%) 





supports the view that late circumcision has only a slight protective 
effect. 

In regard to personal hygiene it is difficult to provide definite informa- 
tion, although it is doubtful whether a community whose water may have 
to be carried from a standpipe some distance away from the home can 
maintain the same levels of cleanliness as other groups whose homes 


generally include bathrooms, piped water supplies, and hot-water systems 
(109). 


F. Urinary System 


Kidney 


Our incidence study confirms Uys’s (131) conclusion from a necropsy 
series that malignant renal tumors are rarer in the Bantu than would be 
expected from the white and American Negro races. Renal tumors 
comprise 1 percent of all tumors in males and 0.6 percent of tumors in 
females. The classification of the 25 renal tumors registered is given 
in table 27. The high proportion of nephroblastomas (just under one half 
of renal tumors) is striking by comparison with the frequency (10%) 
reported by Dorn and Cutler (49). This is partly owing to a relatively 
large number of children in our population with a low proportion of elderly 
people, together with a real decrease of renal tumors in adults. In 
Johannesburg, 2 renal tumors were observed in children under 5 years as 
compared with an expected 3.1 in the United States. 

A high relative frequency of nephroblastoma has also been observed by 
Davies in Uganda (36). No explanation of the low frequency of renal 


TABLE 27.—Types of renal tumors in Bantu patients (all areas) * 











Tumor type Males Females Total 
Nephroblastoma. .... Ba SEE oan periterr eee 4 8(3) 12(3) 
bn OE ELD et 10(1) 2(1) 12(2) 
lransitional-cell or squamous carcinoma. . 0 0 0 
Unspecified canoer... ..< ..5.. aces cones 1 0 1 

cg, OE PE TT TREAT Lee 15(1) 10(4) 25(5) 





“Figures in parentheses represent the number included without histological confirmation. 
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carcinoma in adults can be suggested but it provides additional evidence 
of geographical differences and offers hope of finding environmental in- 
fluences on this site. The figures also support the not unexpected con- 
clusion that nephroblastoma and renal carcinoma have different etiologic 
influences. 
Bladder 

Incidence-—The incidence of carcinoma of the bladder in the Bantu is 
less than would be expected from the United States whites but closer to 
that in the United States Negro and Danish populations. The Danish 
figure, however, includes papillomas, which were not reported in the 
Bantu, for whom the figures refer only to proved carcinomas. 

Histological type-—According to Dorn and Cutler (49), 64 percent of 
bladder cancers were transitional-cell carcinomas and 11.4 percent were 
squamous carcinomas. In the Bantu, 16 of 23 tumors (table 28) were 
squamous carcinomas, which agrees with earlier observations that this 
type is relatively more common in the Bantu than in corresponding 
white groups (98). Consequently, transitional-cell carcinomas are far 
less frequent than the figures for total bladder cancers indicate. In North 
America and Europe, a high proportion of bladder carcinomas arises in 
papillomas, and the distinction between a carcinoma and a papilloma may 
be difficult. Typical transitional-cell papillomas are exceedingly rare in 
urologic practice among the Bantu as is the sequence papilloma to car- 
cinoma, although many patients are cytoscoped for hematuria. No 
papillomas were found in over 18,000 histological specimens from Bantu 
patients at this Institute in a 3-year period (1953-55). 

Schistosomiasis.—The possible relationship of Schistosoma haematobium 
to bladder carcinoma has been widely discussed. In Johannesburg, 
mild schistosomal infestation is widespread in males but relatively rare 
in females (74). Infestation almost certainly occurs outside the city. Of 
the 23 cases of bladder cancer examined microscopically in Bantu patients, 
concurrent schistosomiasis was observed in 11. Bladder cancers com- 
prised 3.3 percent of all cancers in males in Johannesburg as compared 
with 5.1 percent of male cancers in rural hospitals. Since the population 
in the rural areas studied is more exposed to schistosomiasis and practi- 
cally 100 percent are infected, our findings suggest that if schistosomal 
infection is carcinogenic, its influence on incidence is relatively small under 
our conditions. The intensity of the infestation in the South African 
Bantu does not approach that encountered in Egypt and the clinical 
severity of the disease is very much less. From a ratio study (98) it has 


TaBLE 28.—Histological types of bladder cancer in Bantu patients (all areas) 





Histological type Males Females Total 





Squamous carcinoma.................... 13 3 16 
Anaplastic carcinoma 1 
Transitional-cell carcinoma 1 
Adenocarcinoma 0 

5 
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been shown that schistosoma ova can be found in the biopsy in most cases 
of squamous carcinomas of the bladder as distinct from the transitional- 
cell carcinomas. 


G. Skin 


In this section we include squamous carcinomas, rodent ulcers, and 
melanomas but omit Kaposi’s hemangiosarcoma. In the Johannesburg 
Bantu population, skin cancer accounts for 2.7 percent of male and 2.5 
percent of female cancers. The observed number in Johannesburg is 
strikingly similar to the number expected from the United States Negro 
population (table 7). The incidence is low as compared with that for 
white Americans. No significant sex difference is noted. 

The relative frequency of these neoplasms in nonresident Johannesburg 
patients is 7 percent—midway between the urban and the rural group; 
in the latter, skin cancers comprise 13.2 percent of male and 12.0 percent 
female cancers. These results suggest that cancer of the skin may be 
considerably more common in rural areas. The high relative frequency 
reported from our rural areas corresponds much more closely to that 
reported from other parts of Africa, 7.e., Southern Rhodesia, 32.9 percent 
(62), Uganda, 8.8 percent (85), Nigeria, 22 percent (122), Ghana, 20.2 
percent (65), French West Africa, 17.4 percent (22), Cameroons, 23.4 
percent (23), and Kenya, 30.6 percent (135). To some extent, these 
higher ratios result from the greater accessibility of skin tumors as com- 
pared with others. In addition, rural patients are exposed by their 
manner of life to far more cutaneous injury. 


Squamous Carcinoma and Rodent Ulcer 


The ratio of squamous-cell to basal-cell carcinoma in our Bantu patients 
is 7:1 (table 29) as compared with 1:1.4 reported from the United 
States, which is in agreement with previous studies in the United States 
and Africa. In a ratio study in South Africa in whites, 411 squamous 
carcinomas of the skin were found to 522 rodent ulcers (1 : 1.27) and in 
nonwhites 224 : 35 (6.4 :1) (98). 


Malignant Melanoma 


Six cases of malignant melanoma were observed in Bantu males as 
against 9.1 expected, based on figures for the United States whites. In 
females the figures were 6 and 8.9 respectively. No figures are available 
for the United States Negro, but Dorn and Cutler (49) reported only 10 
cases in a population of just over 2 million. As their population is larger 
and older, it seems that malignant melanoma must be rarer in the United 
States Negro than the South African Bantu. 


Etiologic Factors in Skin Cancer 


Site-—The site distribution is shown in table 30. The high proportion 
of squamous carcinomas and malignant melanomas occurring on the 
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TABLE 30.—Site distribution of skin tumors 











Males Females 
Basal-cell Basal-cell 
Squamous _carci- Squamous carci- 

Site carcinoma noma Melanoma carcinoma noma Melanoma* 
Head and neck... 7 5 — 11 2 2 
Upper limbs and 

—" ayers 3 — 4 3 1 2 
Lower limbs (in- 

cludes groin) . 23 — 13 18 1 29 

: SRP fF 33 5 17 32 4 33 





*One case in which the site was not given has been excluded. 


lower limbs confirms what has already been reported in pigmented races 
by others (33, 118, 126). Basal-cell carcinomas are almost entirely 
confined to the head and neck. The frequency with which melanomas 
arise on the sole of the foot in the Negro has already been noted by others 
(126). In confirmation of this, the rural Bantu seem more susceptible to 
melanomas of the feet than the urban Bantu. Of our rural melanomas, 19 
of 20 were on the feet and the twentieth was on the ankle. Melanomas 
of the foot comprised 3.4 percent of all cancers in rural males and 5.2 
percent in rural females. Among Johannesburg residents and non- 
residents 20 of 31 melanomas were on the feet—the ratio of melanomas 
of the foot to all cancers in resident males was 0.77 percent and in non- 
resident males 0.65 percent. In resident females it was 0.84 percent 
and in nonresident females, 2.4 percent. While there was no significant 
sex difference in melanomas of the other regions of the skin, there were 
proportionally more than twice as many melanomas of the feet in females 
as males. 

Nowadays, few urban Bantu adults go barefoot, whereas most rural 
Bantu still do. 

These facts suggest that urbanization is associated with a reduced 
incidence of melanomas of the feet and that rural females are more 
susceptible to this tumor than rural males. It is noteworthy that rural 
women are responsible for most of the cultivation and for fetching water, 
and their feet may be more subject to trauma. 

Pigmentation.—In the American Negro, Schrek (113) found that 
the frequency of cancer of the skin was less than in whites and that this 
reduction was confined to cancer of the exposed skin, the frequency of 
cancers on the covered skin being the same as that in the white race. 
The relative immunity of the exposed skin of the Negro is not so obvious 
in South Africa, for in the rural areas the lower limbs are exposed to 
considerable trauma and carcinomas arise in association with old scars 
and ulcers. It has been suggested by Steiner (126) that basal-cell car- 
cinoma is primarily due to solar effects whereas squamous carcinoma 
is more likely to be due to other etiological factors. The association of 
Squamous carcinomas with exposure to sunlight, however, has often 
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been noted and is supported by the fact that of 65 squamous carcinomas 
in our group, 6 were in albinos, as were 2 of 9 basal-cell carcinomas. One 
of 51 cases of malignant melanoma occurred in an albino. These figures 
suggest an increased susceptibility of albinos to skin cancer, since the 
incidence of albinism in the Union Bantu, though unknown, must be 
very much less. For example, no case of albinism has been seen in over 
4,000 necropsies in Johannesburg. In none of the cancers of other sites 
in our Johannesburg survey has albinism been detected. A report from 
West Africa indicated that albinism occurs in approximately 1 : 5,000 
individuals in that region (4). If the Nigerian figure of 1 : 5,000 be 
accepted provisionally as the incidence of albinism in Johannesburg 
and the errors inherent in relatively small numbers are ignored, then one 
can calculate that an albino in Johannesburg has a mean annual risk of 
1:80 of developing skin cancer, and this risk is 1,000 times as high as 
that of the pigmented Bantu. The marked susceptibility of albinos in 
tropical regions to skin cancer has been observed by others (17, 
70, 119, 138). 

Previous injury——Reports from Africa and the United States have 
indicated that squamous carcinoma may frequently arise at the site of 
a previous injury, such as tropical ulcer or old burn (113, 126). This 
history was obtained (table 31) in 38.5 percent of patients with squamous 
carcinomas. 


TaBLeE 31.—Trauma and albinism in cutaneous carcinoma (all cases) 





Males Females 





Squa- Basal- Squa- Basal- 
mous cell Mela- mous cell 
carci- carci- noma carci- carci- 
noma noma noma noma 





History of old in- 
jury or chronic 
skin lesion 


Stated by doctor 
that there was 
no history of 
injury 

No details given 


Albino 





Total 








No history of injury was found in cases of basal-cell carcinomas and 
it was rare in malignant melanomas, though considering the preponder- 
ence of malignant melanomas on the lower limb one might conclude that 
in the Bantu minor trauma of the exposed legs and feet must often go 
unrecorded. On the other hand, the lack of any association between 
malignant melanoma and severe trauma or irritation merits an explana- 
tion. 
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In the majority of cases in our present series, the type injury from 
which the cancer arose was a burn, and many burn scars are depigmented. 
Whether the tumor at these sites is related or consequent to the original 


injury or to ultraviolet damage following the loss of pigmentation cannot 
be decided. 


H. Kaposi’s Hemangiosarcoma 


This condition usually presents as a nodule in the skin and is classified 
with skin cancers by some workers. More precisely, however, this is a 
tumor of wider distribution than the skin and is here treated separately. 

Kaposi’s hemangiosarcoma is exceedingly rare in Europe and North 
America where rates are not available but it is a relatively common 
tumor in many regions of the African continent. Eleven cases were 
observed in the urban group in the present study, all in males, 7.e., 2.12 
percent of all male tumors. Nonresidents provided 10 cases, all males, 
(2.9%) and rural hospitals produced 6 cases, 5 in males (2.9%) and 1 
in a female (0.4% of cancers diagnosed). No instances were observed in 
the Cape Colored. 

A detailed study of the histogenesis and pathology of Kaposi’s heman- 
giosarcoma in Southern Africa has been given by Kaminer and Murray 
(82) who also emphasize the marked predominance in males. In a report 
from Stanleyville in the Belgian Congo, Thys (128) observed that Kaposi’s 
hemangiosarcoma comprised 9.1 percent of all malignant tumors in that 
area. It is common also in Uganda (37). On the other hand, the num- 
ber reported by Camain (22) from Dakar in West Africa is less than 0.3 
percent of all malignant tumors. These regions differ in diet, clothing 
habits, and exposure to sunlight, among other things. The differences 
reported from various regions of Africa are thus of great interest and 
suggest the influence of environmental factors on what is still a most 
mysterious condition. 


I. Eye 


We were not able to compare the incidence of tumors of the eye, as 
the figures are not available in the United States report. Among the 
Buatu, there was a relatively large number of retinoblastomas (50% of eye 
tumors), attributable to the large infant population, also of carcinomas 
of the conjunctiva (37.5%). Melanomas of the eye were relatively rarer. 
No eye tumors were encountered in the Cape Colored. 


J. Central Nervous System 


Proctor (106) has drawn attention to the relative rarity of brain tumors 
among the Bantu from necropsy material in which the primary tumors ap- 
peared with one fifth the European frequency. The number of brain 
tumors diagnosed in the Bantu in the present survey was small but it also 
indicates that this tumor is significantly less frequent than in United 
States whites or Negroes. This cannot be attributed to poor diagnosis 
during the period of the survey as no significant increase in number has 


VOL. 24, NO. 3, MARCH 1960 
536598—60——9 








HIGGINSON AND OETTLE 


v4) 
x 
2) 








*vulo[[ided snxe[d-pjoioyo =puv ‘vuroyseqoysuods ‘euroyse[qoy[npeur ‘vemourApuode ‘euIO][Z01puoposyjo ‘vur0jA0013sv opnpouy, 














[:F8 O 1-0. ‘0 1:G¢ * I:-1¢ ‘0 T:e ‘O 1:80 'T see ‘T * O1VB1 BUIOI[S : BUIOISUIUDIT 
963 80€ o9 9¢ rat LI 0s 1Z y % 1890.1 
691 18Z OF Le 6 cI FZ 6 ~ 3 * BUIOI[N 
Lg Lz GS 61 € a 9% ai nes eulOISUIUO TY 

ovr ou OvIyM OUI 0159 NI nyuege nyuvg 

e[Buley eeu ‘v's ‘v's a[Bulos 104001g Solos 

‘sa ‘s‘a 10901 913990 ‘sa quaselg 





wa4shs SNOAJOU [81}Ud OY} JO SBUIONZ puv sBULOIZUIUBPY—'Ze ATAV], 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 











CANCER IN THE SOUTH AFRICAN BANTU 649 


been observed since the opening of a centralized neurosurgical unit for 
Bantu patients in 1956. 


Histological Type 


The varieties of brain tumors observed in our series are shown in table 
32. The number of cases is too small for accurate comparison but it 
supports the view expressed by both Oettlé (98) and Proctor (106) that 
of the intracranial neoplasms there is a higher proportion of meningiomas 
in the Bantu than in the white. It is difficult to explain this difference 
on underdiagnosis. 


Conclusions 


Admitting the difficulty in diagnosis of brain tumors, we conclude 
nevertheless, that the incidence of brain tumors in both males and females 
is significantly lower than expected from the United States. This finding 
is confirmed by the histological differences observed which indicate 
that this reduction in incidence affects gliomas particularly. In view 
of the high mortality with brain tumors it would seem profitable to 
investigate further whether environmental influences are responsible. 
Steiner (126) has stated that there is little evidence that intracranial 
neoplasms are subject to such environmental influences but our figures 
give hope for believing that this view may be incorrect. The danger of 
accepting clinical diagnosis of neoplasms of the brain in the Bantu has 
been emphasized in these earlier works and it is worth repeating that 
tuberculomas are more common than primary tumors of the brain in the 
Bantu. 


K. Endocrine System 


Abnormalities in hormonal metabolism have been postulated as in- 
fluencing many disease patterns in the Bantu, including cancer (34). 
Hormonal effects on cancers of the genital system have been discussed 
earlier. Such abnormalities in the endocrine system as do exist are not 
associated with any striking increase in cancer of the endocrine glands, the 
incidence, if anything, being lower than in United States whites. While 
goiter occurs in parts of the Union of South Africa (127), it is not unduly 
frequent in the areas studied. It is possible, of course, that the low 
level of endocrine cancer might be regarded as support for the view that, 
in the Bantu, endocrine metabolism runs at a different level (64). 


L. Bone and Soft Tissue 


Early reports from Africa emphasized a high relative frequency of 
tumors of sarcomatous type and the hypothesis has been put forward 
that the Bantu suffer from a “predilection for connective tissue tumor 
formation” (119). This preponderance of sarcoma in some early ratio 
studies, i.e., those of des Ligneris ($8) has not been observed in later 
studies from the same hospitals (100), and it is reasonable to suppose 
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that this high relative frequency merely reflects the high proportion of 
young persons in the population then at risk. Furthermore, tumors of 
this type were more likely to bring the patient to the hospital as younger 
persons tended to be less suspicious of Western medicine. Our present 
study of incidence indicates that in males, soft-tissue tumors are not more 
frequent among the Bantu than among the United States population, 
tumors of bone actually appearing less frequently. (We have included 
osteoclastomas with malignant tumors of bone.) In regard to Bantu 
females, tumors of soft tissues were more frequent than in the American 
white or Negro populations, the difference being significant in the latter 
case, but the American figure was based on small numbers (49). The same 
relative infrequency of tumors of bone was also noted in females. More 
cases with tumors of bone and soft tissue were found in nonresidents than 
in residents (45 as compared with 40). It may be that patients in out- 
lying districts suffering from these tumors tend to be referred to hospitals 
in Johannesburg more often than those with other types of tumors. In 
the rural Bantu, these tumors were also relatively common, comprising 
5.7 percent of male cancers (compared with the figure of 3.3% in the 
urban group) and 6.0 percent of female cancers (compared with 4.0% in 
the urban group). It should be emphasized that the American expected 
numbers for soft-tissue tumors given in table 7 are too low, since some 
such tumors were included under certain specific sites (49). 

In the Cape Colored population these tumors were not significantly 
more common than expected from the United States populations. It 
seems reasonable, therefore, to view reports of a high incidence of sarcoma 


TABLE 33.—Classification of tumors of soft tissue and bone (all sources) 





Soft tissues 
(excluding lymphomas) Male Female Total 





Fibrosarcoma 
Neurofibrosarcoma 
Myxoid sarcoma 
Synovioma 
Rhabdosarcoma 
Leiomyosarcoma 
Mesenchymoma 
Spindle-cell sarcoma 
Teratoma (malignant) 
Chordoma 

Sarcoma unspecified 


Cor Oowonwwrewo 
NORM OR UIQ he POO 
eT ee on) 


ry 





oo 
a 
oo 
ar 





Bone 
(excluding lymphomas and leukemias) 





Osteogenic sarcoma 
Chondrosarcoma 

Osteoclastoma 

Ewing’s tumor 

Reticulum-cell sarcoma—bone..... . 
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in primitive races with caution unless supported by collateral statistics 
relating to the population-at-risk. Among the 81 soft-tissue and bone 
tumors registered at our unit, the commonest sarcoma was the neuro- 
fibrosarcoma, followed closely by fibrosarcoma (table 33). The histo- 
logical distribution for all regions was similar except that unspecified 
sarcomas were most frequent in the rural series. 


M. Lymphomas 


Since the vast proportion of lymph-node enlargements in the Bantu is 
caused by tuberculosis, the view has become widespread locally that 
Hodgkin’s disease is exceedingly rare or nonexistent. Malignant lymph- 
omas may thus be mistaken for tuberculosis unless microscopic confirma- 
tion is sought. Our figures indicate the lymphomas are not so rare as 
has been assumed. The incidence, however, was significantly lower in 
Bantu males than expected from United States whites or Negroes, being 
diagnosed less than half as frequently. In females, the observed figure 
was significantly less than that reported for the white females but the 
difference between the Bantu and the American Negro female is not 
significant. The histological classification of these tumors is given in 
table 34. It will be noted that reticulum-cell sarcomas were a relatively 
common group, which contrasts with what is usually reported for the 
United States and Europe where this group comprises a small proportion 
of total lymphomas. Subjective differences in histological classification 
may be important here. 


TABLE 34.—Types of malignant lymphomas in cases with histological confirmation 














(Bantu) 
Johannesburg Johannesburg 
resident nonresident Rural Total 
Lymphoma type M F M F M F M F 
Lymphosarcoma....... 2 1 2 2 0 0 a 3 
Reticulum-cell sarcoma. 4 4 6 2 2 3 12 
Hodgkin’s disease...... 10 5 4 5 3 3 ie J 13 
Plasma-cell myeloma... 6 3 7 3 0 0 13 6 
Miscellaneous and un- 
WIE hig waracicsice-c 4 2 1 2 0 2 5 
WIS Gos oe cewen 26 15 20 14 5 8 51 37 





Thus, in neither our rural nor urban studies is there evidence of a high 
frequency of lymphomas, such as has been reported for East Africa (37). 
While not yet proven as a causal factor, it should be noted that stimu- 
lation of the reticuloendothelial system by parasitic infestation is much 
less severe in Johannesburg than Uganda. 

The figures for Cape Coloreds were very small, but the combined figures 
for males and females did not differ significantly from those expected at 
United States rates. 
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N. Leukemia 


The steady increase in deaths from leukemia in recent years and the 
possibility that it may be attributable to increased exposure to irradia- 
tion has recently drawn attention to environmental influences in the eti- 
ology of the disease (142). Our figures show that leukemia of all types 
is less frequent in the Bantu than in the population of the United States 
or Denmark, which supports the findings of Greig (66) in this region. 

The different types of leukemia are classified in table 35. It will be 
noted that the relative frequency of acute leukemia (42% of all leukemias) 
is of the same order as the 53 percent reported by MacMahon and Clark 
(90) from Brooklyn. On the other hand, chronic myeloid leukemia 
was more commonly observed than chronic lymphatic leukemia. This 
probably reflected the high proportion of young people in the popu- 
lation-at-risk, since in white groups chronic lymphatic leukemia is more 
commonly observed over the age of 50 years. The etiologic factors re- 
sponsible are unknown. Exposure to pelvimetry among the Bantu is 
considerably less than would be expected from the United States popu- 
lation, especially prior to the introduction in 1940 of free hospitalization. 

Uranium is obtained from mines on the reef but is present in exceed- 
ingly small quantities and there is no evidence that the ordinary dweller 


in this vicinity or even the miner is exposed to excessive irradiation from 
this source (104). 


TaBLeE 35.—Classification of leukemia in Bantu patients (all areas) 





Johannesburg Johannesburg 
resident nonresident Rural Total 





Type M F M F M F M F 





Acute leukemia 
Myeloid............ 
Lymphatic.......... 
Monocytic 
Type unspecified. ... 

Chronic leukemia 
Myeloid 
Lymphatic.......... 

Miscellaneous and un- 
defined 





17 





The altitude of Johannesburg is higher than most cities of comparable 
size; consequently it is exposed to very much heavier cosmic irradiation 
than would be found at lower altitudes. The findings for both white 
and Bantu are therefore of some interest in connection with the possible 
importance of cosmic irradiation in this condition. 

Urbanization and exposure to the dangers of modern industrial life are 
increasing and changes in leukemia should be followed in the next few 
decades. Unfortunately, there are no satisfactory statistics from 20 years 
ago. On the other hand, in our rural data there was a total of 9 cases 
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of leukemia, representing 3.4 percent of male tumors and 1.2 percent of 
female tumors—a percentage not very different from that reported for 
the urban population. 

Among the Cape Colored, the observed cases of leukemia corresponded 
reasonably closely to what is expected from the American populations. 
It is evident, therefore, that a certain number of cases of leukemia will 
occur in people living under primitive conditions. Davies reported that 


leukemia was very rare in children in Uganda but was not uncommon in 
adults (37). 


O. Cancers of Childhood 


The frequency of cancer among infants and young children is of interest 
since, with the possible exception of acute leukemia, there is so far no 
satisfactory evidence that these tumors are induced by environmental 
agents and many of them arise in utero. Hence, the existence of tumors 
in infants of various races and the differences in both the sites involved 
and the types of cancer that develop provide the possibility of studying 
the influence of a very restricted number of factors and may indicate 
whether there is such a thing as a basal cancer rate in all races (table 36). 


TABLE 36.—Neoplasms in Bantu children (0-9 years) all sources 





Grand total U.S. male U.S. female 
Tumor all areas Percent (percent) (percent) 





ROE oy oie cca nada caeient : 16. ¢ 28. 31.2 
MANION gc ccinsorieipinws a cneaee en j 12. ¢ ‘ 9. 
Meee eh aetna starts ¢ 26. ; 6. 
Nervous system ‘ 6. 3. 18. 
} 22. ; 5. 
16. 29. 29. 





99. 100. 0 100. 





In the present survey of Johannesburg we encountered 11 tumors in 
males of the age group 0 to 9 years, compared with 25.8 expected in United 
States whites and 21.3 in United States nonwhites. The corresponding 
figures for females were 7 observed among the Bantu compared with 
24.1 expected in United States whites and 14.7 in United States nonwhites. 
The figures are small, yet suggest that these tumors of childhood are less 
frequent than would be expected from the United States white and Negro. 
Our rates calculated for Colored patients lie intermediate between the 
Bantu and the United States Negro rate. Such conclusions can be only 
tentative in view of the small numbers involved. They reveal no signifi- 
cant difference in the incidence of nephroblastoma and retinoblastoma 
despite the familial nature of the latter tumor. It is not possible to state 
how frequently this gene occurs but it is of interest to note that it certainly 
is present in this region. Steiner (126) has suggested that this gene has 


arisen on the African continent, but our figures provide no support for 
his view. 
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PART V: CONCLUSIONS 
Accuracy of Results 


We believe that the figures presented for cancer rates from the Bantu 
population of Johannesburg are reasonably accurate estimates of the 
true incidence of this disease. The figures presented for the Cape Colored 
population are based on very small numbers and can be taken only as a 
general indication, although the differences between the Cape Colored 
population and the Bantu are striking, especially as they share the same 
medical facilities. 


Differences Observed 


The pattern of cancer in the Bantu is very significantly different from 
that observed in more civilized communities. It is unlikely that such 
differences are genetically determined, 7.e., truly attributable to racial 
factors, particularly in view of the similarity in cancer pattern that exists 
between the American Negro and the American white, although a few 
are indirectly influenced genetically, e.g., the effect on skin-cancer inci- 
dence of skin pigmentation. Our findings indicate more strikingly than 
is usual how profoundly environment may influence the development and 
incidence of particular cancers. For most sites, cancer is less frequent 
in the Bantu, but in the esophagus, liver, cervix, and paranasal sinuses 
the incidence is much higher than in the United States white. 

Our findings for most sites are in accord with current hypotheses regard- 
ing the influence of environmental factors and social customs. In regard 
to smoking and lung cancer, we have already noted that the majority of 
patients smoked; however, in the light of the amount they smoked, the 
incidence appears higher than one would anticipate on the basis of com- 
parison with results obtained by others. Nor have we been able to obtain 
evidence to support the efficacy of circumcision in preventing carcinoma 
of the cervix. 

Much has been said about the hormonal background of the Bantu 
and its dependence on the existence of liver disease, but the evidence 
is still unsatisfactory. There are ~ nds for belief that hyperestro- 
genation may be widespread in the .. “ican continent, yet apart from 
primary carcinoma of the liver, esophagus, and paranasal sinuses the 
incidence of cancer in the Bantu does not exceed that observed in the 
American Negro and none of these are regarded as truly hormone- 
dependent. 

The extraordinarily low incidence of carcinoma of the stomach and 
large intestine in the Bantu appear to us of great importance since the 
manner of life of this population corresponds to a standard of living much 
lower than that of the lowest social class of European or American cities. 

Gillman and Gillman have emphasized the role of malnutrition in 
cancer (64). Our results indicate that while by Western standards 
dietary intake is certainly inadequate in some low-income groups, the 
effect of malnutrition is far from clear cut—even in the gastrointestinal 
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system. The etiology of esophageal and hepatic cancer has been discussed 
in detail elsewhere, but even in the latter, malnutrition is by no means 
accepted as a primary cause. Apart from these sites, the nutritional 
background would appear, if anything, to have a favorable effect on the 
cancer pattern and much further work on the effect of individual food- 
stuffs and methods of preparation is necessary. The study of cancers 
of these sites is of major significance to Western populations. 

The importance of skin pigmentation in preventing cancer of the lip 
and squamous cancers and rodent ulcers of the skin has once again been 
emphasized. The extreme susceptibility of albinos|to these cancers is 
proof enough, and it seems that they may also be more susceptible to 
melanomas. In regard to melanomas of the feet, a difference seems to be 
detectable between rural and urban patients, and the role of minor 
traumas is strongly suggested by the differences observed. 

A further point suggested by our study is that sex differences in cancer 
incidence should not be too glibly explained on different environmental 
exposures—they may also be influenced by sex per se as in the case of 
carcinoma of the paranasal sinuses. 

Our findings on the Cape Colored population are based on very few 
figures but are particularly interesting since they relate to a group whose 
manner of life is much closer to that of the Western peoples. Among 
Coloreds, carcinoma of the lung and of the stomach are relatively common, 
particularly in males, but carcinoma of the esophagus, so common in the 
Bantu, does not appear to be unduly frequent. 

Although living close to a modern civilized community and treated with 
advanced methods of medical diagnosis, the majority of the Bantu can at 
present be regarded as having a background not very remote from that 
in rural areas, and in all but a few cancer types the distribution of cancers 
in our Johannesburg residents is similar to that reported from rural 
hospitals. 

The figures obtained in our survey are small so it seems unlikely that 
significant differences can be expected in most of these cancers in less 
than 20 years, by which time we may expect that the pattern of cancer in 
the Bantu will tend to be much closer to that already described for the 
American Negro. At present, owing to high death rates from other causes, 
cancer is responsible for only 1 death in every 100 in the Johannesburg 
Bantu in contrast to 1 in 6 for the South African whites. As deaths from 
these other preventable causes fall, however, cancer in the Bantu will 
become an ever-increasing problem in South Africa. Nevertheless, since 
the Bantu has an over-all cancer rate in the vicinity of 50 percent of that 
expected from American figures, this offers further grounds for hoping 


that many cancers which at present are major causes of death will be 
preventable. 
* * * 


In conclusion, the figures presented here have shown that the Bantu 
and Cape Colored populations differ in cancer incidence at many sites 
from each other and from populations overseas. To find the causes of 
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these differences we need to compare the manner of life of these popula- 
tions. Such comparison is made difficult by the paucity of hypoth- 
eses regarding the causes of many of these neoplasms, and where 
one does not know what aspects to compare, the task of adequately de- 
scribing the manner of life of the groups studied here becomes impossibly 
great. Until such deficiencies in our hypotheses are remedied, briefer 
description will have to suffice. 

On the other hand, since the incidence of many tumors in a population 
is dependent on the general background, the latter should be reflected in 
the cancer-incidence rates. For example, a certain factor may have been 
implicated to be of possible etiological significance for cancer of a specific 
site in retrospective studies of this cancer in one area. If, however, the 
incidence in populations exposed to this factor are inconsistent with the 
retrospective studies, the possible carcinogenic significance of the hypo- 
thetical factor should be regarded with caution. It is probable that in 
the foreseeable future, surveys among backward communities will be of 
greatest value in assessing previous retrospective studies and testing 
hypotheses. On the other hand, the very existence of unexplained differ- 
ences in cancer incidence may stimulate the construction of hypotheses for 
subsequent testing. 
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APPENDIX 


I: Sociological Studies on the Population-at-Risk 


For the Bantu population, sociological studies were required first, to 
check the accuracy of the census figures for use in calculating rates, and 
second, to obtain information on the sociological background and habits 
of the population-at-risk. Only a brief outline has been presented here, 
but further details will eventually be published elsewhere. Since, however, 
sampling procedures are the only method of calculating the size of the 
population-at-risk in areas where census figures are not available, details 
of the organization of this part of the survey may be worth recording. 


Procedure 


A map of Alexandra township that gave streets and stands was available 
and provided the necessary frame for the survey. A varying number of 
households dwelt on each stand, which might bear one or many dwellings, 
chiefly single-story, with little evidence of systematic layout or archi- 
tectural planning. Many were single rooms. 

Since households were not indicated in this frame, it was necessary to 
sample the stands. This was done by a system of cluster sampling based 
on the frame, and the principles are elaborated elsewhere (89). 

The 2,521 stands were divided into 420 “blocks” of stands, 419 of 6 
stands each and 1 of 7 stands, taking care to make the blocks homogeneous 
as to stand size and to have each block consist of adjacent stands as far 
as possible. A pilot survey of 39 stands, surprisingly enough, revealed no 
tendency for the number of households per stand to vary with size of 
stand, and the average number of households was found in the pilot 
survey to be 7.9 per stand. 

Beginning at a random point, a systematic sample of 120 blocks was 
chosen, taking every third and seventh stand, thus covering two sevenths 
of the township. No stratification was used since stand size did not appear 
to affect the number of households per stand. 

Within each block, one stand was chosen at random and all households 
on this stand were canvassed. A purely random selection of households 
would have been very difficult both in planning and in practice and 
undoubtedly would have evoked suspicion. Examination of whole stands 
reduced the amount of traveling per household and the possibility of 
overlooking households as a result of the members being away at the 
interviewer’s visit. 

If the stand chosen was uninhabited, another stand from the same block 
was chosen at random. Interviews were carried out in the vernacular by a 
small group of trained Bantu social workers. Repeat visits were made to 
correct errors and inconsistencies or to complete the schedules. Seventeen 
of the 1,030 households investigated refused to give information, and three 
more could not be contacted despite repeated visits. 
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An internal check on the accuracy of this method was obtained by allo- 
cating alternate blocks from the original sample of 120 to form two clusters 
of 60 blocks. There were 505 households in each of these clusters and the 
results showed a gratifying degree of internal consistency. 

The following list includes the major questions which were studied in 
the initial survey: 

1. Age and sex distribution of population. 
2. Tribal and religious affiliations. 
3. Marital status and form of marriage. 
4. Size of household. 
5. Age of women at first union, first pregnancy, and first marriage. 
6. Lactation. 
7. Number of postmenopausal women who were never pregnant. 
8. Number of pregnancies per woman. 
9. Employment, wages, and household income. 
10. Type of dwelling, method of cooking, and rent. 


In addition, further surveys included nutritional studies (vide infra), 
tobacco habits, age at menarche, and a review of native medicines and 
herbs. Those surveys most pertinent to the cancer problem have been 
briefly discussed, but the following comments in relation to housing may 
be of interest. 

Type of dwelling and rent.—The construction of the 21,273 dwellings in 
the Alexandra township in 1953 was found to be as follows: 71 percent of 
burnt brick; 26 percent of mud or raw brick; 2.6 percent of corrugated iron 
and wood; less than 1 percent crude corrugated-iron shacks. 

Of the dwelling units, 83.2 percent consisted of only one room. When 


one remembers that the average household size is 3.63 persons, the degree 
of overcrowding will be appreciated. 


II: Nutritional Survey 


A survey of dietary habits was carried out in collaboration with the 
Department of Nutrition, Pretoria, under the direction of Miss Louw. 
Unfortunately, this study proved much more difficult to implement than 
had been anticipated. This was partly due to suspicion of the interviewers 
by the participating Bantu and partly due to lack of familiarity with 
weights and measures. Other difficulties included shopping schedules in 
which small quantities of foodstuffs were bought at frequent intervals. 
Furthermore, some maize was utilized for preparing illegal beers, making 
assessment of its nutrient value difficult. It is thus clear that the data 
presented here are far from satisfactory, but we believe that it does give a 
reasonable picture of the dietary pattern. Further, in view of our observa- 
tions on cancer of the gastrointestinal tract, it is doubtful whether much 
could be gained by implementing a more extensive survey at increased 
expense. 

First, a detailed survey was made of 12 families representing all income 
groups. These families were studied for a period of 1 month to eliminate 
factors of timing, such as pay day or liability for rent. 
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On the first day, an inventory was taken of all the food on hand, which 
was weighed; thereafter each family was visited daily and all purchases 
since the previous visit recorded. For each meal a note was made of the 
number of people present, including all visitors, plus information about 
sex and age as far as possible. 

Persons present at meals during the period of the survey were counted 
in man-units partaking of each meal; the number of man-units may thus 
differ for each nutrient. On the last day, an inventory was taken of all 
surplus food. Each family was supplied with a scale and the housewives 
were asked to weigh their purchases before preparation of meals. This 
was done with only about 50 percent of the purchases, as some women 
could not be taught how to weigh accurately. The amount of food con- 
sumed was calculated by adding the daily purchases made after the first 
inventory and subtracting the remainder on the last inventory. The total 
food consumption of each family was analyzed for nutrient value, using 
the figures of Walton and Morrell (137). It was also necessary to investi- 
gate in detail the prices of foods of the various types. The variations for 
each nutrient with age, sex, and condition of any individual were indicated 
as a fraction of one man-unit, this being the daily allowance of nutrients 
for a moderately active man; thus, for estimates of calorie requirements, 
5 percent of a man-unit was subtracted for every 10 years of age over the 
age of 25 years. 

In calculating the amount of a given nutrient per man-unit per day, the 
following procedure was adopted. First we calculated the total number 
of man-units for this nutrient by adding up the total number of persons 
present at all meals at which this nutrient was consumed—each family 
was taken separately. Allowing the (theoretical) figure of 3 meals per 
day, this figure was divided by 3 times the number of days to give the 
total number of man-units consuming this nutrient perday. Knowing the 
amount of nutrient available, it was simple to calculate the amount con- 
sumed per man-unit per day. These figures are presented in tables 38, 
39, and 40. 


TaBLE 38.—Total nutrients per man-unit per day 








Average Average 
Nutrients (12 families) Range (60 families) 
Animal protein (gm.)............ 37 14-71 25 
Vegetable protein (gm.).......... 36 18-58 39 
Total protein (gm.).............. 73 46-107 64 
|. Ne eet 54 24-82 37 
Carbohydrate (gm.).............. 474 253-685 442 
Calories Salam dela ace ata elavahemaeernees 2713 1646-3837 2375 
| Spiga 305 144-638 291 
Iron* EET Sa eee 12 6-20 3 
Vitamin A (international units)... 7720 1400-21, 633 5668 
PRD oo acrbsivnsevsake 3 0. 7-1. 8 0.9 
Riboflavine (mg.)................ 1.3 0. 5-2..0 0. 9 
i ig i vince acacintind wicks 17 9-27 11 
Vitowe © Gi)... ccc cccenccce 39 8-101 57 





*Is much below the probable true figure as it excludes iron in alcoholic beverages (136). 
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TasLeE 40.—Foods in common use in Alexandra as seen in 12-family survey 





Number of 
families 
using food 





Maize meal 

Sugar (white) 

Bread (white) 

Maize rice 

Dried beans (sugar and butter) 

ach r area Sache i a, ae iighia to ea eal lon teaser eek al pote ia ake i GGL a Wah apical acetal aa Ra 
F resh milk 


Meat (beef) 


ip 
Vegetables: 


Fat-cakes 
Lemonade and cola drinks 





Since the brewing of beer is illegal, it was impossible to get exact in- 
formation on this practice, and furthermore, where beer was brewed it 
was frequently sold to neighbors and visitors. The extent of this trade 
was not disclosed, and it was thus impossible to estimate accurately the 
revenue derived from this source or the losses in nutrients to customers as 
distinct from those members of the family being surveyed. 

In addition to this detailed survey, another 50 families were examined 
(table 38). As before, these had to be selected, since it is impossible to 
study families unless cooperation with investigators can be assured. 
While the spread was wide, the mean income of these families tended to 
be somewhat higher than that recorded for the whole of Alexandra; on 
the other hand, all incomes were low. The methods of this survey were 
similar to those in the more detailed study, but these families were visited 
less often and social workers did not spend the same length of time with 
each family. 

General food habits —On awakening, most workers drink tea any time 
after5a.m. This is usually very early and in some cases they also eat maize 
porridge before going towork. At11a.m.ameal is made of maize porridge 
and/or breadortea. At2p.m.left-over food such assoup, maize, or fat-cakes 
may be eaten. The main meal is eaten in the evening when the whole 
family is at home. Meat is seldom fried or roasted, but usually stewed. 
The most popular vegetables are potatoes and onions. These are usually 
stewed with the meat or otherwise cooked separately over long periods. 
A starchy food is served in considerable quantity with the main meal, 
usually stiff maize porridge, rice, or potatoes. A soft sour-maize-meal 
porridge is also made. In tables 40 and 41, a list of some of the other 
foodstuffs reported consumed are given. 

Methods of cooking.—These are given in table 42. It will be noted that 
simple heating methods are used and electricity and gas are not available 
to most. The “braziers’” are metal drums of about 4-gallon capacity 
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TaBLE 41.—Foods in less common use in Alexandra as seen in 12-family survey 





Number of Number of 
families families 
Food using food Food using food 





Maize meal (No. 2) 

Flour (bread) 

Flour (cake) 

Sugar (brown) 

Bread (brown) 
aes ain ahaa es ame 
Rye bread 

NERS cite 0exceeerurerssss 
Kafir corn 

Samp 

Dried beans (kidney) 

Dried beans (jugo) 


Vegetables—Continued 
Squash 
Spring onions 
Fruit: 
I, bk aieith net ae wexssieciwe 
Grapes 
Bananas 


— 


I selaid, Spin sabaiace aioe bh ecore ew aiaed 
Quinn’s queen cakes 
Fat (purine, holsum, pastrine).... 
Ok CIID 65 6 cs ckecbacasane 
Ginger cakes 
Fruit cake 
Margarine Biscuits 
Peanut butter 


Baking powder 
Curry powder 
OS 2a eee ee Custard powder 


Beef (lung) 
Tinned fish 


Worcestershire sauce 
Tomato sauce 
Mustard 

Spices 


Pork sausages 
Meat pie 

Fish (fried) 

Dried black worms 
Vegetables: 


Green beans 

Dry spinach (morogo) 

Sweet potatoes 

RA enodoas osiince waarmee 
Beetroot 


1 
5 
3 
0 
7 
3 
2 
1 
3 
4 
1 
1 
5 
6 
7 
1 
8 
1 
4 
7 
4 
8 
7 
2 
1 
3 
3 
1 
1 
2 
1 
1 
6 
2 
7 
7 
6 
5 
4 
4 
3 
3 
2 
1 
1 


ech pee peek rt pak fh ek et eet Pet Peet BD BD BD 09 09 C9 He He OT OD BD 2 STD et BD G2 OD ST et et et OT 





TABLE 42.—Methods of heating and cooking—Alexandra township, Johannesburg 





Number Percentage 





Braziers and primus stoves 114 

EEE EE ey een re ee ee Pe ree 253 

Coal and primus stoves 217 

Primus stoves 164 
142 

Coal, primus, and braziers 

Coal and braziers 

Coal, primus, and paraffin stoves 

Paraffin 


ee ee COI OOO tr 





© 
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filled with burning coal or coke and having multiple perforations in the 
sides to admit air. They are often used for heating dwellings and, since 
they lack a chimney to remove the products of combustion, these escape 
into the dwellings. In consequence, several deaths occur every year 
from carbon-monoxide poisoning, especially in winter when windows and 
doors are sealed. Braziers were used either alone or in combination with 
other methods of heating by 30 percent of households. 


III: Budget Study ** 


Expenditure of Four Typical Families 
FAMILY A: 

Composition: 2 adults, 1 child between 1 and 4 years of age. 

farnings: 10/—per week. 

Other legal income: nil. 

Income during week of survey: £1. 8. 0d.—information was obtained 
to the effect that earnings were supplemented by the sale of Kaffir 
beer. 

expenditure on food: 80.13 percent of total expenditure of £1. 15. 8d. 

Typical menus for one day of survey week: Breakfast—tea with fresh 
milk and sugar, dry bread; lunch—‘stiff’’ mealie-meal porridge 
and tripe; supper—“stiff’”’ mealie-meal porridge and meat. 


FAMILY B: 

Composition: 3 adults over the age of 20 years, 2 children between the 
ages of 15 and 20 years, 1 child in the age group 10 to 15 years, 1 
child in the age group 1 to 5 years, baby born to 1 member of house- 
hold during week of survey. 

Earnings: Head—£2. 15. 0d. per week, wife—£6. 10. Od. per month. 

Other legal income: nil. 

Income during week of survey: £2. 0. 0d. (balance of 15/— kept by head 
of family for his own expenses). No information given regarding 
illegal sources of income. 

Expenditure on food: 76.84 percent of the total expenditure of £1. 19. 
7d. for the week. 

Typical menus for one day of survey week: Breakfast—tea and bread 
(children); lunch—‘‘stiff”’ porridge and morogo (dried spinach) 
with tomatoes and fat (head and wife), “stiff” porridge and meat 
(children); supper—‘stiff’ porridge and morogo [left over from 
lunch; (the morogo was given to the household by a friend)]. 


FAMILY C: 
Composition: Husband and wife, 1 child under 1 year of age, 1 child in 
age group 5 to 10 years. 


7 The term “stiff” or “‘soft’’ mealie-meal porridge refers to the consistency of the maize porridge used. 
8 While one pound sterling is equal to $2.80 on direct currency conversion, due to differences in purchasing 
power, one pound sterling to $5.00 might be a more accurate conversion factor. 
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Earnings: £2. 18. 0d. p.w. 

Other legal income: nil. 

Income during week of survey: £2. 1. 0d. (including 11/0d. from sale of 
Kaffir beer). Only £1. 10. 0d. of week’s earnings were given to the wife 
by the head of the household. 

Expenditure on food: 73.23 percent of total expenditure of £3. 5. 1d. 
for the week. No provision was made during the week of the survey 
for the monthly rent payment of £2. 2. 6d. 

Typical menus for one day of survey week: Breakfast—bread and tea 
prepared with condensed milk and sugar; lwnch—“‘stiff”’ mealie-meal 
porridge and meat (on most days this meal was made up of the bal- 
ance of food remaining from the supper on the previous evening); 
supper—stiff” porridge and meat. 


FAMILY D: 

Composition: Head and wife, 1 child 6 years old, 1 child 6 months old. 

Earnings: £2. 18. 0d. p.w. 

Other legal income: 12/6d p.w., approximately, from sale of snuff, 
which was prepared by the wife. 

Income during week of survey: £3. 10. Od. Information was given to 
the effect that in some weeks £2.-3. is made from the sale of Kaffir 
beer. The amount obtained from this source during the survey week 
was not disclosed. 

Expenditure on food: 67.32 percent of total expenditure of £3. 10. 5d. 
for the week. 

Typical menus for one day of survey week: Breakfast—tea (3 visitors 
were served tea at this time); lunch—‘“stiff” porridge, morogo, and 
tomatoes (3 visitors again shared this meal); suwpper—‘stiff’’ por- 
ridge, stewed meat, tomatoes and onions (1 visitor shared this meal). 
In addition the head of the household and 3 visitors drank 4 scales of 
Kaffir beer after supper. The 6-month-old baby was breast-fed 
whenever he cried and in addition was given “soft”? mealie-meal 
porridge and tea. 


IV: Staff and Cost of Cancer Register 


Staff—The survey was under the control of the two authors, who 
attended to the cancer register part-time as each had other duties. They 
were assisted at first by two part-time secretaries and later by one. The 
salaries of these individuals were met by the South African Institute for 
Medical Research. 

The control of the sociological aspects was under Miss Helen Navid, 
who during the first 2 years carried out these duties in her spare time. 
At the height of the survey a total of 3 full-time Bantu social workers 
were employed. Later, in following up patients at home in order to con- 
firm addresses and for the native-medicine survey, 3 Bantu third-year 
sociology students were employed. 
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Cost.—Apart from the medical and secretarial costs, the cost of the total 
register and sociological survey for the entire period was $10,000, provided 
by the National Institutes of Health. This covered transport for hospital 
and home visits, salaries of social workers, the nutrition survey, registra- 
tion fees, and statistical consultation. A further sum of $1,120 was 
provided by the Department of Arts and Sciences of the Union 
Government. 

Some of the expense of the survey has been ignored in the budget of 
expenses and a more realistic estimate for each year for a possible future 
survey would be as follows: 


1 part-time medical officer $3000 
1 part-time secretary 900 
3 Bantu social workers 3000 
1 statistician (consultant) 150 
1 part-time social-worker supervisor 900 
Running costs 1800 
Total $9750 per annum 


It is thus clear that a survey of this nature need not be excessively 
expensive provided that the basic medical services are present in order 
to provide adequate registration and that there is sufficient interest 
among medical staff to carry out the work without additional remunera- 
tion. The salaries of local personnel will of course be dependent on 
location. 

One of the most important factors of expenditure is that of transport, 
which was found to be much greater than had been anticipated due to 
the large distances that had to be travelled between hospitals and the 
social center. It is believed that this would be better met by providing 
a small car at the beginning of the survey rather than paying a mileage 
allowance, as was done. 


V: Significance of Results 


Cases of cancer may be regarded as examples of rare and independent 
events in a large population and consequently the numbers observed as 
following a Poisson distribution. The standard deviation of this may be 
taken to equal the square root of the number expected (where this is 
more than 30). Differences are regarded as significant therefore when 


Observed-Expected . 
eee is greater than 3. 





For numbers under 30, confidence-limits tables for the expectation of 
a Poisson variable should be used. 
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Iron Metabolism and Organ Weights of Rats 
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SUMMARY 


Turpentine inflammation in addition 
to causing anemia and a depression of 
plasma iron also decreased liver and 
kidney catalase activity. Repeated in- 
jections of turpentine oil into rats 
resulted in an increase in the dry 
weight of the liver, spleen, and adrenals, 


changes were similar to those which oc- 
curred in the tumor-bearing rat, or in 
a rat receiving an extract of the Walker 
carcinosarcoma 256. The possible in- 
volvement of the reticuloendothelial 
system in some of the these alterations 
is discussed.—J. Nat. Cancer Inst. 24: 


and involution of the thymus. These 673-678, 1960. 


TURPENTINE INFLAMMATION has been used to study the anemia 
of infection, since it will produce a sterile abscess with clinical reactions 
of a bacterial abscess (/-5). A series of studies by Cartwright and 
Wintrobe (6) has shown inflammation or infection to be associated with a 
derangement in the intermediate metabolism of iron which diverts the 
element to some other location and deprives the hematopoietic tissues. 
The anemia which developed was usually normocytic and normochromic 
and was not corrected by the usual methods of iron, liver, or vitamin 
therapy (2). Hypoferremia, flat oral iron absorption curves, and rapid 
disappearance of intravenously injected iron from the blood stream have 
been observed to accompany the anemia of infection (6). 

Cancer also results in a derangement of the iron metabolism of the 
host, and the ensuing anemia shows many similarities to the anemia of 
infection (7), such as hypoferremia and a rapid disappearance of intra- 
venously injected iron from the blood stream (8). Decreased liver and 
kidney catalase (7), thymic involution, and increased weights of the liver, 
spleen, and adrenals have been observed in the tumor bearer (9), but these 
phenomena have not been thoroughly studied in animals with infection 
or with sterile abscesses. 

The present study demonstrated that in the presence of inflammation, 
the decrease in liver and kidney catalase and the changes in organ weights 
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were similar to those occurring in the tumor-bearing host. This would 
suggest that the mechanism(s) which produce these systemic effects 
might also be similar. 


MATERIALS AND METHODS 


Seventy-two pairs of female Holtzman rats, initial weight 180 to 200 
gm., were used in the experiments on inflammation. One animal of each 
pair was injected in the rectus femoris muscle with 0.5 ml. of Rexall rectified 
turpentine oil, while the other received a sham injection of water. 

Hemoglobin was measured as the metcyanide derivative at 540 muy (10) 
and plasma iron by combination with 2,2’,2’’-tripyridine, as described by 
Schade et al. (11). Liver and kidney catalase were assayed by the 
method of Bonnichsen et al. (12), and the units are described below: 


xr 
logis — 
£10 - 


Catalase units = 7150 
where 2, is titer (0.01 n KMnQ,) of H,O, substrate at t = 0. 

z is titer of substrate at ¢ (minutes), 

W is gm. of dry tissue in 50 ml. reaction mixture. 
The fresh tissue was diluted with water until it contained from 3 to 5 mg. 
of dry tissue per ml., and homogenized for 2 minutes in a tight-fitting, 
ground-glass homogenizer. The assays were made within 1 minute after 
homogenization, with reaction times of 10, 20, and 30 seconds. 


RESULTS 


The effects of a single injection of turpentine on plasma iron, hemo- 
globin, liver catalase, and kidney catalase are shown in text-figure 1. 
Within 4 hours after injection, plasma iron decreased to less than 60 per- 
cent of normal and between the 10th and 24th hours after injection the 
average concentration was less than 20 percent of the control value. 
This depression of plasma iron represented not only a loss of iron from the 
plasma, but it also reflected the decrease occurring in the total iron- 
binding protein. For example, 24 hours after receiving an injection the 
treated rats had a total iron-binding capacity of 151 + 8 which was well 
below the normal value of 374 + 11. 

Hemoglobin concentration showed a significant increase immediately 
after turpentine administration, but gradually dropped to a minimum at 
48 hours. Liver and kidney catalase did not change appreciably during 
the first 16 hours. By 24 hours, a significant depression in activity had 
occurred and a minimum activity which was 50 and 75 percent of the 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 














IRON METABOLISM OF RATS WITH INFLAMMATION 675 


PLASMA IRON HEMOGLOBIN 


300) 


& 4 _. 02 eens 
200t 14+ 


























1 T 
- i . % i ae iy | + 4 
& ott ¢ > 12 
” Hy 
7 . p ‘ 
) , , 
0 40 80 120 0 40 80 120 
LIVER CATALASE KIDNEY CATALASE | 
6000} Pa ete 4500+ 
” i ave. sham injection { o 
Zz t z Ad ove. shominjecti p..g 
uy 4000+ { - eed | } i 
YX { ft } D 84 } 
2 i S 
< 2000} ~ 1500} 
Oo 2 
9 . , off , 
() 40 80 120 0 40 80 120 


HOURS AFTER INJECTION 


Text-FIGURE 1.—The effect of a single injection of turpentine on the iron-contain- 
ing proteins of the rat. Each point is the average value for 4 to 10 rats, with 
the standard deviation shown by the brackets. 


normal for the liver and kidney catalase, respectively, was found between 
40 and 48 hours after turpentine injection. 

The effects of inflammation on liver and spleen weights are presented 
in text-figure 2. A marked decrease below normal in the weights of both 
organs became evident 4 hours after turpentine injection and persisted 
through the first 24 hours. However at 48 hours a weight increase 
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TEext-FicuRE 2.—The effect of a single injection of turpentine on the weights of 


the liver and spleen of the rat. Each point is the average value for 4 to 10 rats, 
with the standard deviation shown by the brackets. 
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above normal was apparent, and a maximum was reached at 72 hours. 
Since repeated injections might further alter organ weights, 3 injections 
at 72-hour intervals were administered (see table 1). Although this 
treatment depressed the carcass-weight gains of the animals, the liver, 
spleen, and adrenals again showed significant increases in dry weight, 
and the thymus a marked decrease. The changes in organ weights were 
somewhat greater and persisted longer with the multiple injections. 
Both hemoglobin and plasma iron were depressed, but the unsaturated 
iron-binding capacity did not show a significant change. The repeated 
injections, like the single, depressed the total iron-binding capacity of the 
plasma. 


TaBLeE 1.—Effects of repeated injections of turpentine* 





Sham injections Turpentine 





Number of rats 12 12 
Final body weight gm. 195 + 4f 191 +4 
Initial body weight gm. 180 +3 184 +4 
Liver weight 
Total wet weight gm. 7.8 8.9 
Mg. dry weight/100 gm. body weight 1060 + 35 1310 + 
Spleen weight 
Total wet weight mg. 553 955 
Mg. dry weight/100 gm, body weight 63 +3 108 + 
Thymus weight 
Total wet weight mg, 489 164 
Mg. dry weight/100 gm. body weight 56 +4 18 + 
Adrenal weight 
Total wet weight mg. 52 
Mg. dry weight/100 gm. body weight 10 +1 
Hemoglobin gm. percent 14.6+ 0.3 
Plasma iron yg. percent 273 + 18 
Unsaturated iron-binding capacity pg. percent 94 +6 





*Three injections of 0.5 ml. were administered to each rat on days 1, 4, and 7, and they were killed on day 10. 
tMean + standard error. 
{Significantly different from sham injection (P<0.01). 


DISCUSSION 


These alterations, after injections of turpentine, were similar to those 
previously reported for rats bearing the Walker carcinosarcoma 256 (13), 
and to those after administration of a Walker tumor extract to normal 
rats (14). The analogy of the effects, after the injection of turpentine 
or the tumor extract, was extended even to the times at which each 
effect became evident. 

The first and most pronounced change after administering either 
material was the marked reduction in plasma iron. Five-tenths of a 
milligram of the Walker-tumor extract decreased the plasma iron to 30 
percent of the normal concentration within 8 hours after injection (14). 
At this time, the total iron- -binding capacity of the plasma was also 
reduced. The rapid decrease in plasma iron during turpentine inflam- 
mation had been previously reported by Cartwright et al. (2). 
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The minimum activity of liver and kidney catalase was found at 48 
hours, while at 72 hours the organ weights reached their peaks and 
hemoglobin concentration reached a minimum. 

Schafer (15) found that the production of a mild infection was associ- 
ated with accumulation of iron in the liver, spleen, and bone marrow, and 
he suggested that the reticuloendothelial system (RES), stimulated by in- 
fection, tended to accumulate iron. Cartwright, Gubler, and Wintrobe (4) 
showed that repeated injections of colloidal thorium dioxide (a RES 
blocking agent) into dogs resulted in a marked hyperferremia and under 
these circumstances the hypoferremia-producing effects of turpentine 
were abolished. They suggested that inflammation may have enhanced 
or stimulated the functional state of the RES so that iron was rapidly 
removed from the serum resulting in hypoferremia. 

Stimulation of the functional state of the RES during experimental 
infection (16) and tumor growth (17, 18) have been previously demon- 
strated. Enlargement of the liver and spleen, which contain the major 
portion of the RES (19), may further indicate a stimulation of this 
system during inflammation or tumor growth. It was also suggested by 
Gillman (20) and by Ho and Kass (21) that the RES may be involved 
in the production of anemia during infection or tumor growth. 

This mechanism, 7.¢., stimulation of the RES may be of considerable 
importance in the alterations of organ weights and iron metabolism which 
occur in the host animal having an infection or bearing a tumor. 
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Mammary Cancer in Fostered CBA Mice and 
CBA Hybrids '” 


JOHN J. BITTNER, Division of Cancer Biology, Depart- 
ment of Pathology, University of Minnesota Medical 
School, Minneapolis, Minnesota 


SUMMARY 


In the absence of the mammary-tumor 
agent (MTA), breeding females of the 
CBA stock, observed since 1951, have re- 
mained free of spontaneous mammary 
eancer. After CBA young had been 
nursed by females of the cancerous Z 
(C3H) stock, to obtain the MTA, CBA 
breeders of the fostered and succeeding 
3 generations had an incidence of 99 
percent, with an average cancer age of 
252 days. Because gonadectomized mice 
of the CBA stock developed adrenal 


with females of the A strain, which have 
a low incidence of mammary cancer in 
nonbreeders. The F; females, main- 
tained as virgins, showed a high inci- 
dence. These observations demon- 
strate that mice of the inbred CBA 
stock are susceptible to spontaneous 
mammary cancer and, in addition, 
transmit the mammary-cancer-induc- 
ing inherited hormonal pattern asso- 
ciated with postcastrational adrenal 
alterations.—J. Nat. Cancer Inst. 24: 


cortical lesions, CBA males were mated 


679-684, 1960. 


EVEN AFTER mammary cancer in mice had been shown to result from 
the interaction of several causative factors (1, 2), the importance of some 
(3) was relegated to a secondary position after the demonstration of the 
milk-borne mammary-tumor agent (MTA) (4), with characteristics of 


an infectious agent or virus. In early studies it was determined that 
while foster nursing by agent-free females would reduce the incidence 
of mammary cancer in mice of any inbred cancerous strain, by eliminating 
the MTA, no evidence was ever obtained to suggest that the inherited 
susceptibility for the development of mammary cancer of the mice had 
been altered (2, 5). The incidence of mammary cancer could be restored 
by the addition of the mammary-tumor agent, either by having agent- 
free animals nurse females that possess the agent or by the administration 
of agent-containing extracts of either normal or cancerous tissues (2). 

In this report, data are to be discussed concerning the development of 
mammary cancer in females of the CBA strain, originally developed by 
Strong (6-8), and in hybrids of the F, generation. In the absence of the 
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agent, low incidences of mammary cancer have been reported for mice of 
this stock (6, 7, 9). 


MATERIALS AND METHODS 


The origin of the inbred strains of mice used in these investigations has 
been described by Strong (6, 8, 10, 11), and these strains are the A, C3H, 
CBA, I® and CE (extreme dilution). Details concerning the author’s 
sublines of these stocks have been reported (3, 5, 12, 13). 

Young mice of the CBA strain were fostered by females of our cancerous 
Z (C3H) stock. The animals of the fostered generation were called CBAz,, 
and those of the succeeding generations CBAz,, CBAz;, etc., as other 
fostered groups have been designated (5). 

For inclusion in this report, unless specified, only those mice have been 
tabulated whose litters are now dead. Also, only noncancerous breeding 
females were counted which survived for 250 days and had at least 2 
litters of young. 


EXPERIMENTAL RESULTS 


Representatives of the CBA stock were obtained from Kirschbaum (14) 
in 1951, and since that date 163 females have been observed. They 
were maintained as breeders for longer than 300 days and each animal 


had at least 3 litters of young, or an average of 5.3. The mice survived 
to an average of 403 days and all remained free of spontaneous mammary 
cancer (table 1). Fifteen of the breeders were continued for longer than 
600 days, or to an average of 748 days. 

To test for the transmission of the MTA by males, 8 agent-free CBA 
females were mated with males of the cancerous Z (C3H) stock; they had 
an average of 5.3 litters, and died noncancerous at an average age of 555 
days. Mammary cancer developed in one F, progeny when it was 188 days 
of age, and extracts of the tumor were injected into 87 young ZBC females, 
at 2 < 10-?and 10-' dilutions. The same incidence, 56 percent, was found 
in mice of the 2 groups at the respective average cancer ages of 457 and 


TaBLE 1.—Mammary-cancer observations in CBA females, with and without the 
MTA, and in various groups of hybrids observed as breeders* 





Average age (days) 
Cancer Average 
Stock or hybrids Number (percent) Cancer Noncancer No. litters 








CBA: without MTA 163 0 — 403 
CBA: with MTA 113 99 252 395 
Hybrid cross: 
CBAz? X Ad’ F; 25 96 265 257 
CBAz? X I*o F; 40 98 206 293 
CEz? X CBAgd F, 20 100 264 — 
A? X CBAd F;, 20 95 275 277 





*The infected CBA females were members of the fostered and 3 succeeding generations. 
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374 days. These data show that the tumor possessed the MTA trans- 
ferred by the Z (C3H) male to infect the CBA mother, and then via the 
milk to the F, progeny of that CBA female. 

Five litters of young were removed shortly after birth from their CBA 
mothers and were nursed by females of our cancerous Z (C8H) stock. 
Fifteen females lived to weaning age; 14 had mammary cancer at an 
average age of 240 days after bearing an average of 4.0 litters. The other 
female had 3 litters of young, and died free of cancer when 395 days of age. 
Descendants of these fostered CBA females have been continued; 98 
females were members of litters of the second to fourth generations, of 
which all mice are now dead. They cast an average of 3.9 litters and all 
developed mammary cancer when 254 days of age. Thus all except one 
of the entire group of CBAz,-z, females had the disease at an average age 
of 252 days (table 1). 

Several crosses have been made to produce F, hybrids; one parent was 
representative of the CBA stock (table 1). Only small numbers of animals 
could be tabulated as many of the mice of these crosses belong to litters 
in which at least one animal is still under observation. To date, at least 
95 percent of these hybrids, used as breeders, have developed mammary 
cancer at the average cancer ages given in the table. In general the 
earlier the average cancer age the fewer litters were cast by the cancerous 
females. 

Eleven CBAz females kept as virgins have given rise to mammary 
tumors, and 6 were members of litters in which all the siblings have de- 
veloped tumors at an average age of 366 days. Although mammary cancer 
has appeared in a few virgin females in each of the hybrid crosses, only in 
the CBAzI*F, hybrids has a significant incidence been recorded. In this 
case, 91 percent of 11 from depleted litters had tumors at an average age 
of 314 days, and the incidence for the entire group of 31 virgins is now 
55 percent. 

As previously reported (3), F; virgins of the AQ X CBAd@ cross showed 
an incidence of 78 percent at an average age of 530 days. In a more recent 
series only a small number of mice have attained the age at which tumors 
might be expected, and therefore only a few tumors have been seen. 


DISCUSSION 


In discussing the possible genetic aspects of mammary cancer in mice, 
it was stated (3) that: “One susceptible strain may be low cancerous be- 
cause of the absence of the agent, another may be low cancerous because 
the mice are nonsusceptible, while a third, susceptible and with the agent, 
may be low cancerous because of a lack of hormonal stimulation’’; also, 
“the susceptibility or resistance of animals of inbred strains or hybrid 
generations to the development of mammary cancer may be determined 
only after observation of females that have been subjected to, or possess, 
all the known causative factors responsible for the disease.”’ This involves 
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having the mice nurse females of strains with a high incidence and known 
to possess the MTA and continuing the foster-nursed females as breeders, 
to insure an adequate hormonal stimulation for the development of the 
mammary glands and, subsequently, mammary cancer. ‘Unfortunately, 
some strains were ‘classified’ as to their susceptibility or nonsusceptibility 
before they had been adequately tested, and so the terms tumorous or 
nontumorous stocks have become synonymous with susceptible or non- 
susceptible animals” (3). 

In 1944 it was demonstrated (15, 16) that the hormonal mechanism 
necessary for mammary cancer to develop in virgin females of cancerous 
strains was under genic control and could be transmitted through the 
male. This was determined by Heston and Andervont (16) and Bittner 
et al. (15) following reciprocal crosses between mice of the cancerous A 
and C3H strains, in which the virgin females have low and high incidences 
of mammary tumors respectively. High incidences were observed in the 
F, progeny, even those maintained as nonbreeders. The observations of 
Woolley et al. (17-19), that ovariectomized animals of some strains showed 
adrenal cortical alterations and subsequent hormonal stimulation of the 
secondary sex organs, suggested a possible association between the in- 
herited hormonal pattern responsible for the induction of mammary cancer 
in nonbreeders and the postcastrational adrenal lesions (2). This was 
found to be the case in mice of 2 inbred strains and their hybrids, by cor- 
relating the data on the development of mammary cancer in virgin and 
breeding females (15, 22, 23) with observations in the ovariectomized 
animals (20, 21). 

By testing mice of other strains, which also showed postcastrational 
adrenal lesions, several were found to transmit the inherited hormonal 
mammary-cancer-inducing pattern, including mice of the nonsusceptible I 
stock (3, 5, 23, 24). This determined that identical genes did not control 
the inherited susceptibility for mammary cancer and the inherited hor- 
monal mechanism. 

Following the report by Frantz and Kirschbaum (14) that adrenal 
cortical tumors appeared in castrated animals of the CBA stock, mice of 
that subline were obtained, in 1951, and mated with females of the A 
strain. Instead of the low incidence of mammary tumor characteristic of 
virgin females of the maternal strain (1), the AQ X CBAd¢ F, virgins 
showed an incidence in excess of 75 percent (3, 13), demonstrating the 
transmission, by the paternal stock, of the mammary-cancer-inducing 
hormonal pattern. Likewise the F, breeders had a high incidence and 
an early average cancer age. 

It then had to be determined whether mice of this particular subline 
were susceptible to mammary cancer. As the breeding females of the 
CBA stock did not possess the MTA, 5 litters of CBA young were nursed 
by females of the cancerous Z (C3H) stock, and the females of these 
fostered CBA litters showed an incidence of 93 percent, with an average 
cancer age of 240 days. To date, 113 CBA breeders of the fostered and 
succeeding 3 generations have been observed to have an incidence of 99 
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percent and an average cancer age of 252 days (table 1). These females 
had an average of 3.9 litters. The data demonstrate that mice of this 
CBA stock are susceptible to the development of mammary cancer, will 
propagate the MTA, and have a high incidence as soon as they obtain the 
mammary-tumor agent. 

Previously, Strong (6, 7) and the author (9) had observed low incidences 
of mammary tumors in CBA females when they continued as breeders. 
A high incidence had been reported by Gardner (25) and, although these 
CBA females probably had the MTA, no mention was made that the mice 
had been fostered, and therefore the source of the agent was not known. 

Data are now being obtained on the incidence of mammary tumors in 
virgin CBAz females. A few tumors have been recorded, but no incidence 
may be given at the present time. 

Mihlbock (26) reported a high incidence of mammary cancer in virgin 
females of the F, generation, resulting from the cross between females of 
the A stock, with a low incidence in virgins, and males of the CBA strain. 
No explanation was suggested for these data, other than the interesting 
and extraordinary observation. 

Now that it is known that mice of the inbred CBA strain are susceptible 
to the development of spontaneous mammary cancer and transmit the 
inducing hormonal pattern, another cancerous stock becomes available 
for basic cancer research. Other experiments have been initiated which 
use animals of the agent-infected CBA strain, the stock with the highest 
incidence and earliest cancer age of any being maintained in this 
laboratory. 
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Inability of p-Hydroxypropiophenone to Inhibit 
the Appearance of Spontaneous Hepatomas 
in the C3H Mouse! 


TSUNEO BABA,’ Laboratory of Pathology, National 
Cancer Institute,’ Bethesda, Maryland 


SUMMARY 


p-Hydroxypropiophenone, a potent in- incidence of spontaneous hepatomas in 
hibitor of azo-dye carcinogenesis in the adult male C3H mice.—J. Nat. Cancer 
rat, was found to have no effect on the Inst. 24: 685-690, 1960. 


IT WAS recently found that incorporating p-hydroxypropiophenone 
(PHP) in the diet of rats would completely inhibit the hepatocarcinogenic 
action of the aminoazo dyes 3’-methyl-4-dimethyl-aminoazobenzene (1) 
and 4-dimethylaminoazobenzene (2). 

This report describes an experiment which was designed to determine 
whether PHP would inhibit the formation of spontaneous hepatomas in 
the C3H mouse. The results of this study indicate that incorporating 
PHP in the diet of C3H mice does not inhibit the appearance of spon- 
taneous hepatomas in this species. 


MATERIALS AND METHODS 


One hundred twelve male C3H mice, 7 to 12 months old, were equally 
divided into 2 groups. The experimental group was fed 1.3 percent 
PHP in Purina laboratory chow, prepared by dissolving 52 gm. of PHP 
in 400 ml. of 1:1 ether-ethanol and mixing the solution with 4 kg. of 
crushed Purina laboratory chow and allowing the organic solvent to 
evaporate at room temperature. The control group received Purina 
laboratory chow treated only with 1:1 ether-ethanol. Food and water 
were supplied ad libitum and the experiments were terminated when the 
animals reached 16 months of age. The surviving mice were killed, and 
the weight and appearance of the various organs were recorded. Histo- 
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logical sections were made from the liver, spleen, kidneys, and testes, and 
from the adrenal, pituitary, and thyroid glands. 


RESULTS AND DISCUSSION 


Table 1 shows that when 1.3 percent PHP is fed to C3H mice for 4 to 
9 months there is no reduction in the number of spontaneous hepatomas. 
It is possible that if PHP feeding had been initiated at an earlier time, 
tumor inhibition might have resulted. Table 1 also shows that PHP 
did not affect the growth of the C3H mice since body weights in both 
the control and experimental groups were similar. Furthermore, PHP 
did not alter the weight of the liver, adrenal glands, testes, or pituitary 
gland and did not alter the histological appearance of the various organs 
studied. The livers of the animals in table 1, when examined grossly or 
histologically, were not significantly different. All spontaneous hepatomas 
had a typical hepatocellular structure, regardless of the tumor size. 
Necrotic areas were rare even in large, spontaneous hepatomas. The 
border between hepatoma and adjacent liver tissue was usually clear 
and the tumor was growing expansively. 

Histologically, in the C3H mouse, the liver tissue surrounding the 
tumor appeared normal. This contrasts with liver tissue which surrounds 
the tumors induced by aminoazo dyes, N-2-fluorenylacetamide, and 
ethionine. In these cases a variety of precancerous changes occur through- 
out the liver, including cirrhosis, adenomatous hyperplasia, and pseudo- 
glandular epithelial proliferation, cholangiofibrosis, cholangiocysts, and 
the appearance of small round cells (possibly lymphocytic infiltration). 
PHP administration did not alter the histological appearance of the testes 
or of the adrenal, pituitary, or thyroid glands, nor was spermatogenesis 
altered. The spleens and kidneys in the experimental group had the 
same appearance as those in the control group, except for moderate 
amyloid changes observed in 2 control mice. 

The establishment of the inbred pure-strain C3H and CBA mouse by 
Strong (3), in 1936, permitted a study of factors which influenced the 
appearance of spontaneous hepatomas in these mice. 

The major factors studied were dietary alterations and hormonal im- 
balances. Tannenbaum and Silverstone (4-8) found that a diet isocaloric 
to the control diet but low in protein (9% casein) inhibited the formation 
of spontaneous hepatomas. These workers made the important finding 
that chronic food restriction (decreased caloric intake) strongly inhibited 
the production of spontaneous hepatomas, but that riboflavine, a com- 
pound which inhibits azo-dye carcinogenesis, did not (6). It is of interest 
that riboflavine (9) and liver powder (10) inhibited azo-dye carcinogenesis 
by maintaining adequate levels of enzymes which metabolize these dyes 
to noncarcinogenic products. A variety of compounds that inhibit azo- 
dye carcinogenesis have not yet been tested for the formation of spon- 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 





*s1apeelq Posy}OI [[B O19M PUB ‘oUTBPY ‘1OQIBFY Ig ‘A10}8I10GBT [B]LOMIOY Wosyows *g soosoy Oy} WIOY porTddns oJ0M Sdnols gq Y}O Uy S[VUITUB OL, 


687 





(%0L) 
al 

(88) 

(%92) 
g 


9€ % 89 ¢ ‘SE ai 
68 % 8°8E 2 0F 


69 % L’t& 0 °8% 


Il 
(Jerp yeseq) 
)(%61) 
, ° . dnoiz jo1qyuog 
€9 ‘T 66% 3 ¢ ZZ € 
(%$L) 
8°9E 3 ZZ € 
(%99) 
6 
(%€8) 
S 
(%er) 
€ 


cog FEE 
¢'2e € 08 
FFE 9°22 (jatp ey} Ut dHd %8'1) 

(%s1) 


g dno [eyueutedxy 
(00) 


S 
N 
* 

= 


60 62 
62 “SE 


oO 
vo) 
a 


—_ 6st 
a A 
Nn NN 
its) 





91 
4184s 


48 s[eullue jo JoquInN 
dnoizqng | « 


Jaquin N 


(‘wB) saary | © 
“i 
12 


(‘bwm) saysey, 
(‘6w) speueipy 
(abp.saav) 


(bw) Areyngig 
syjuoul 


(abpsaan) 41848 
qe ‘us ul yysIem Apog 


988 JO syyUOUI gT 
ye sjeullue jo JaquinN 


jo 
(syjuowm) 4148 ye asy 


suoyedey aidiyjnu 
YA speUlIUB Jo JequInN 


Nn 
< 
= 
° 
& 
< 
fu 
fe 
is°} 
mM 
Dp 
° 
ro] 
Z 
“ 
& 
Za 
° 
Ay 
n 
Z 
° 
foo] 
Z 
° 
Z 
fe 
i) 
Ay 
°o 
— 
cy 
° 
(o=] 
Py 
al 
a 
° 
io=] 
a 
al 
Fy 
a 


24, NO. 3, MARCH 1960 


Ul “WU OT X OT 1040 
jo 


emoyeday 


536598—60 





ye ‘UZ Ul 4YysIEM Apog 


-19u2 4own}) BUIOyedoYy 
UJIA speUltUB JO JEquUInN 


ane 


(abp.aan) YYSIOM UBZIC 





VOL. 


asuousydordoidAxoapAy-d pay oor oyew FEO Ul vuroyedoy snoousquods jo sueplou[—"T @TaV yy 





688 BABA 


taneous mouse hepatomas. Several investigators (11-13) reported that 
estrogens inhibited spontaneous hepatomas in the male mouse. Howeyer, 
Burns and Schenken (14), Schenken and Burns (15), and Miller and Pybus 
(16) found no inhibition with estrogens. Andervont (17) showed that 
castration reduced the incidence of spontaneous hepatomas in male C3H 
mice. It should be pointed out that the investigators who studied the 
effects of estrogens on spontaneous hepatoma formation did not present 
data indicating the body-weight changes in their animals. It would be 
possible for hormones to act indirectly by changing the food consumption 
and altering the body weight. 

PHP was first introduced by Dodds et al. (18) as a new estrogenic sub- 
stance when given parenterally. However, oral administration of PHP, 
as part of the diet, appears to abolish its estrogenic action, as indicated 
by the lack of effect on testicular morphology. Chemically, PHP repre- 
sents one half of a stilbestrol molecule. An inhibitory action of PHP on the 
secretion of gonadotrophin and thyroid-stimulating hormone of the anterior 
pituitary gland was reported by Perrault et al. (19) and Lacassagne et al. 
(20). Other workers, however, have had difficulty confirming these ob- 
servations. A possible mechanism by which PHP might inhibit azo-dye 
carcinogenesis is by accelerating the metabolism of these dyes to non- 
carcinogenic products in a manner similar to that observed for the poly- 
cyclic hydrocarbons 3-methylcholanthrene, benzo[a]pyrene, and dibenz- 
[a,hjanthracene (21). Studies are now under way to investigate this 
possibility. 

It is of interest that PHP, like the polycyclic hydrocarbons, inhibits 
the binding of azo dye to liver protein (1,2). PHP may actually compete 
with the dye for binding sites on the liver protein. 

PHP is relatively nontoxic in the rat. Thus, 3 percent PHP in the 
diet of weanling rats did not inhibit their growth.* Azo-dye carcinogenesis 
has been prevented with as little as 1 percent of dietary PHP. Although 
PHP is a potent inhibitor of azo-dye carcinogenesis, it did not alter spon- 
taneous hepatoma formation in our experiments. These observations 
suggest that one or more steps of the carcinogenic process initiated by 
feeding azo dye may differ from the carcinogenic process involved in the 
formation of spontaneous hepatomas in the C3H mouse. PHP did not 
alter the occurrence of spontaneous hepatomas in C3H mice when they 
were fed this compound continuously from 7 months of age, but started at 
an earlier age it might inhibit spontaneous hepatomas. It would be 
interesting to study other compounds which inhibit azo-dye carcinogenesis 
[polycyclic hydrocarbons (22, 23), benzimidazoles (24), and Trypan blue 
(25)] to determine whether they might inhibit spontaneous hepatoma 
formation when given continuously to CBA and C3H mice and to deter- 
mine the effect of these compounds on the hepatocarcinogenic process 
initiated by N-2-florenylacetamide, ethionine, and carbon tetrachloride. 


‘Unpublished data. 
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SUMMARY 


Phosphorylase and amylo-1,6-glucosi- 
dase catalyze the reversible reaction 
glucose-1-phosphate to glycogen. 
Breast tissue abounds in both enzymes, 
in contrast to apocrine sweat glands, 


these two tissues have a profoundly 
different activity, even 
though breast tissue has been con- 


metabolic 


sidered to be a modified apocrine sweat 
gland.—J. Nat. Cancer Inst. 24: 691-697, 


which have none. This suggests that 1960. 


THE ENZYMES, phosphorylase and amylo-1,6-glucosidase, which cata- 
lyze the reversible reaction of glucose-1-phosphate to glycogen can be 
demonstrated histochemically (/-3). Ellis and Montagna, who have 
studied the presence of these enzymes in skin, noted considerable phos- 
phorylase activity in the eccrine sweat gland but no activity in the secre- 
tory portion of the apocrine sweat gland (4). Since it has been suggested 
that the secretory portion of the breast consists of modified sweat-gland 
tissue, one might expect a histochemical similarity between breast tissue 
and apocrine sweat glands. Breast tissue was examined for phosphorylase 
and amylo-1 ,6-glucosidase and the results are reported here. 


MATERIALS AND METHODS 


Ten specimens of breast obtained from fresh surgical biopsies were 
frozen immediately in dry ice and processed within 2 days. Unfixed 


frozen sections, 50 to 250 uw in thickness, were cut and placed directly in 
the incubating medium of Takeuchi and Kuriaki (/); this consists of 50 
mg. glucose-1-phosphate, 10 mg. muscle adenylic acid, 15 ml. distilled 
water, 10 ml. 0.1 mM acetate buffer pH 5.8, 20 units insulin, 5 mg. glycogen, 
maintained at 37° C. Sections were removed from the incubating medium 
after 30 minutes, placed in dilute Lugol’s iodine, and agitated until the 
color was fully developed; this usually required 10 minutes. 


Sections 


Received for publication July 30, 1959. 
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were floated onto slides and mounted in glycerine containing a few drop 
of concentrated Lugol’s solution. 

For controls, sections were incubated in a substrate solution withou 
glucose-l-phosphate. To test for the presence of native glycoge: 
sections were placed directly in dilute Lugol’s solution. 


OBSERVATIONS 


Phosphorylase activity is manifested as blue-black granules in thi 
cytoplasm of cells or, when very intense, as a diffuse nongranular dark 
blue. Both granular and nongranular reactions were observed in the 


alveoli (alveolar ducts). When there was a granular reaction, the cyto 


plasm usually showed a reddish-brown background, indicative of amylo-!, 
6-glucosidase. 

The alveolar ducts (alveoli) showed more phosphorylase activity than 
the interlobular and terminal ducts. In the interlobular and terminal 
duets the enzyme was predominantly in the myoepithelial region. 

The rudimentary secretory epithelium of a 7-year-old girl revealed 
intense phosphorylase activity but no amylo-1,6-glucosidase. 


DISCUSSION 


The demonstration of phosphorylase and amylo-1,6-glucosidase in the 
secretory portion of the breast is in striking contrast to their absence in 
the secretory part of the apocrine glands (4). This suggests a profound 
metabolic difference between these tissues, in spite of their apparent 
similarity. Phosphorylase is apparently intrinsic in breast epithelium 
since it is present even in the breast of preadolescent girls. 

There were only small amounts of amylo-1,6-glucosidase in breast 
lobules and none in the interlobular ducts. A larger series of specimens 
must be studied to evaluate the variation of these enzymes with the 
menstrual cycle and in diseased breast, including apocrine-cell metaplasia. 

When the distribution of phosphorylase is compared with that of 
alkaline phosphatase in the interlobular and terminal duets, the two 
enzymes are predominantly in the myoepithelial region. In the alveoli, 
however, phosphorylase is chiefly in the epithelial cells, but alkaline 
phosphatase is mostly in the myoepithelial cells. 
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PLATE 52 


Ficure 1.—Phosphorylase activity in rudimentary glandular breast of young girl. 


12 


Figure 2.—Phosphorylase activity in breast lobules of adult. > 12 
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PLate 53 


Figure 3.—Phosphorylase activity in breast lobule. > 50 


Figure 4+.—Phosphorylase activity in the myoepithelial region of an interlobular 
duct. > 215 
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‘“‘Tolerance”’ in Postpartum Female Mice In- 
duced by Strain-Specific Matings ':” 


EDWARD J. BREYERE and MORRIS K. BARRETT, 
Laboratory of Biology, National Cancer Institute,’ 
Bethesda, Maryland 


SUMMARY 


The resistance of BALB/c female mice 
to a transplanted tumor and _ their 
ability to manifest induced resistance 
were changed in the direction of 
“tolerance” as a result of previous 
matings to males genetically related 
to the tumor. A tumor of DBA/2 
origin grew in a higher percentage of 
postpartum females that were parous 
by DBA/2 males than in those parous 


*Simmunized”’ with DBA/2 blood prior 
to implantation of the tumor, the 
tumor grew only in females parous 
by DBA/2 males. This effect was ob- 
served only when the breeding male and 
the tumor corresponded genetically, 
and was more pronounced in multi- 
parous than in primiparous females. 
The presence or absence of the mam- 
mary-tumor milk agent in the male 


by BALB/c males or in virgins. When 
postpartum or virgin females were 


had no observable influence.—J. Nat. 
Cancer Inst. 24: 699-705, 1960. 


A FETUS may be looked upon as a naturally occurring homograft. In 
general, the well-being of a graft depends upon the concordance of a large 


number of genetically controlled factors or “antigens.” In randomly 
breeding populations, such as occur in nature, maternal and fetal genetic 
complements differ by a considerable number of factors. However, this 
genetic disparity is of no known consequence except when it leads to the 
formation of blood-group antibodies, as in hemolytic disease of the 
newborn. Transplantation immunity apparently has no adverse effect on 
conception and fetal development (unless parturition is considered to 
be graft rejection) even though that mechanism is capable of destroying 
an ordinary graft between the same mother and child (1). This curious 
situation probably depends upon many things, too many for consideration 
here, and many outside our knowledge, but from the standpoint of 
transplantation immunity certain questions arise. Why are not most or 
all fetuses rejected by the mechanisms that reject other homografts? In 
a discussion of this problem, Medawar (2) states that this is probably 


' Received for publication August 4, 1959. 
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the result of anatomical separation, antigenic immaturity of fetal tissues, 
and maternal immunological “inertness” of hormonal origin. We have 
concerned ourselves with other aspects of the problem. 

In preliminary experiments on the immunological relationship existing 
between mother and fetus, we wondered whether an additional protective 
mechanism might exist in the form of a maternal desensitization or 
“tolerance” * induced by foreign antigens present in fetal tissues. Such 
a response might be reflected by a decreased resistance in an antepartum 
or postpartum female to transplants of tissues genetically related to the 
male. Studies on transplantation immunity in postpartum females 
are of primary concern because the possible absorption of antibodies by 
fetal tissues during gestation is eliminated. 

In this communication evidence is presented which indicates that 
the tumor-host relationships of a female are changed as a consequence 
of previous matings. With the two experimental methods employed, 
a transplantable tumor grew in a higher percentage of normal females, 
or only in immunized females, that had previously borne litters by a 
sire genetically related to the tumor. Other matings failed to produce 
this effect and multiparity seemed to increase it. 


MATERIALS AND METHODS 


All host animals were female BALB/cAnN mice and, unless indicated 
otherwise, all mice were obtained from the animal-production unit of the 
National Institutes of Health. Multiparous females were force bred 
(remated on the day of parturition), and all litters were discarded. Prior 
to the experimental procedures outlined, the females had no known pre- 
vious exposure to DBA/2 antigens except as adults through the processes 
of mating and gestation. The tumor used for challenge was Sarcoma 
DBA49 (4). This tumor originated as a “spontaneous” tumor in a 
DBA/2 female, but is transplantable to strain BALB/c, and has been 
maintained in this strain. The tumor grows equally well in both sexes, 
and during the course of these experiments, it grew progressively in 71 
percent (211/298) of BALB/c mice. Hereafter the word “‘take’’ refers 
to the death of a host bearing a progressively growing tumor or, in a 
lesser number of instances, to a host bearing a tumor of, or greater than, 
a minimum size (7 X 7 mm. at 4 weeks), which has been shown to be 
lethal if the animals are observed for a longer period. Each female, post- 
partum or virgin, was challenged once with a standard dose of 0.025 ml. of 
a 50 percent tumor suspension in saline given as a single subcutaneous 
inoculation in the right flank. Parous females were inoculated after the 
birth of their last litter. In the last 2 experiments, all females were “immu- 
nized” with 0.05 ml. of DBA/2 blood 10 days prior to implantation of the 
tumor. Parous females were immunized within 10 days after the birth 
of their last litter. Each female received 2 simultaneous subcutaneous 


‘The term “tolerance” will be used here in a general sense rather than in the strict sense as denfied by Billingham. 
Brent, and Medawar (3). 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 





STRAIN-SPECIFIC TOLERANCE IN POSTPARTUM MICE 701 


inoculations of 0.025 ml. of whole cardiac blood in 2 sites on the right 
thoracic wall. The blood for each inoculation site was drawn from a 
separate adult DBA/2 female. It should be noted that this amount of 
blood is 2% times that necessary to produce a high degree of resistance to 
this tumor in BALB/c mice (5). In all cases, the data presented in the 
following sections represent aggregates of several small replicate experi- 
ments each having concurrent controls. Animals were irregularly 
collected and ages were matched as far as possible with materials avail- 
able. We do not believe that any factor of selection, changes in the tumor, 
or age accounts for the following results. 


RESULTS 


Effect of Parity Following Intrastrain and Interstrain Matings 
on ‘‘Natural’’ Resistance to the Tumor 


Three groups of BALB/c females were treated as follows: One group 
was mated to DBA/2 males, a second group was mated to BALB/c males, 
and a third was retained as virgins. Both groups of parous females were 
bred for from 1 to 6 litters. Parous females were inoculated with tumor 
tissue within 10 days after the birth of their last litter. Virgins of approxi- 
mately the same age were inoculated to serve as unmated controls. In 
the data summarized in table 1, the females are grouped according to the 
number of litters borne. The DBA/2 tumor took in a higher percentage 
(P = 0.035) of females that had been mated to, and borne litters by, 
DBA/2 males than it did in those parous by BALB/c males. An apparent 
nonspecific effect of previous pregnancy was manifested by a higher 
percentage of takes (P = 0.037) in females parous by BALB/c males than 
in virgin females. However, the tumor took in a significantly higher 
percentage of females that had borne 3 or more litters by DBA/2 males 
in comparison to those having had 1 or 2 litters by DBA/2 males (P = 
0.013). No such increase was seen in females mated to BALB/c males. 
These data, if standing alone, do not seem very impressive. However, 
they were tested by several methods, including cumulative Chi square, 


TaBLe 1.—Effect of parity after intrastrain and interstrain matings on “natural” 
resistance to the tumor 





Females previously mated to:* 
DBA/2 males BALB/c males 
Number of litters Takes/total Percent Takes/total Percent 


34/41 83 41/54 
25/29 86 
100 
100 
100 
100 


Total 95/106 90 86/109 











Our whe 








*The tumor grew in 110/164 (67%) of virgin females. 
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and significance was indicated. The fact that in each of the 6 groups the 
bias was in the same direction, together with the results shown in table 2, 
tends to support these irregular data. 


Effect of Parity After Intrastrain and Interstrain Matings on Induced 
Resistance to the Tumor 


This experiment was similar to the preceding except that all females 
were immunized with DBA/2 blood 10 days prior to tumor inoculation. 
As before, BALB/c females were mated to DBA/2 or BALB/c males for 
as many as 6 litters, and immunized within 10 days after the birth of their 
last litter. Virgins of approximately the same age were also immunized 
10 days before tumor challenge. The results were highly significant and 
are summarized in table 2. The tumor took in 52 percent (72/138) of 
females that had borne litters by DBA/2 males, while none of the virgins 
(0/89) or females parous by BALB/c males (0/115) grew the tumor. As 
in the previous experiment, an apparently cumulative effect was observed 
that increased with the degree of multiparity by DBA/2 males. There 
was a significantly higher percentage of takes in females that had borne 
3 or more litters by DBA/2 males than in those that had borne 1 or 2 litters 
(P<0.001). 


TaBLe 2.—Effect of parity after intrastrain and interstrain mating on induced 
resistance to the tumor 





Females previously mated to:* 





DBA/2 males BALB/c males 





Number of litters Takes/total Percent Takes/total Percent 





40/93 ‘ 0/61 
12/21 

5/7 

7/8 

6/7 

2/2 


Total 72/138 





*The tumor did not grow in “immunized” virgin females, 0/89. 


An experiment involving immunized BALB/c females of the Deringer 
subline yielded a similar result. The tumor took in 71 percent (12/17) of 
females primiparous by DBA/2 males and did not take in females primi- 
parous by BALB/c males (0/10) or in virgin females (0/14). 


Lack of Effect of Presence of Mammary-Tumor Agent in Male to 
Which Tumor Recipients Were Bred 


Five groups of female recipients were used; one mated for 1 or 2 litters 
to agent-free DBA/2, males,* a second mated for 1 or 2 litters to agent- 


5’ DBA/2. males were bred from animals derived from transferred ova and do not carry the mammary-tumor 
agent (Deringer, unpublished). In this experiment, both sublines of DBA/2 males were obtained from the colony 
of Dr. M. K. Deringer. 
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bearing DBA/2 males, a third similarly mated to agent-bearing C3H males, 
a fourth similarly mated to agent-free BALB/c males, and a fifth group 
retained as virgins. Within 10 days after the females littered, all 5 groups 
were immunized with DBA/2 blood, and then challenged with the tumor in 
the same manner as before. There was no significant difference in tumor 
takes in immunized females mated to DBA/2 males with the agent 
(15/42 = 36%) and in those mated to DBA/2, males without the agent 
(17/37 = 46%). The tumor did not take in immunized females parous 
by C3H males (0/21), BALB/c males (0/32), or in virgins (0/40). Since 
the presence or absence of the agent had no apparent effect, these females, 
with the exception of those parous by C3H males, are included in the 
data of table 2. 


DISCUSSION 


Previous studies involving the use of transplanted tumors in pregnant 
or parous mice have yielded variable results (6-9). With the exception 
of isologous tumor-host combinations—of no concern in the present 
instance—the majority of work involved the use of random-bred animals 
and tumors of unknown genetic origin. Thus the results gre difficult 
if not impossible to evaluate on the basis of a genetic relationship between 
tumor, fetus, and female. 

In normal tissues, Heslop and his coworkers reported increased survival 
of skin homografts transplanted to pregnant rabbits (10). Although 
grafts were not taken from specific breeding males, it is interesting to 
note that grafts survived longer on females that subsequently had large 
litters. In the rabbit, pregnancy apparently eliminates the inflammatory 
reaction around homologous grafts (11). In mice, the survival of homo- 
grafts transplanted from males to females was reportedly increased in 
pregnant females (12). In this instance the breeding male subsequently 
served as graft donor; however, homografts were not made on females 
pregnant from intrastrain matings. Thus any effect of an antigenically 
foreign fetus could not be differentiated from pregnancy per se. In more 
detailed studies with mice, Medawar and Sparrow found that skin homo- 
graft survival time was not prolonged by pregnancy even when the male 
and graft corresponded genetically (13). In cattle, skin grafted from 
calves to their dams often gave evidence of immunization rather than 
tolerance (14); however, no evidence of maternal immunization as a 
result of pregnancy was found in rabbits or rats (1). Recently, Peer and 
his coworkers found that child-to-mother skin homografts often persisted 
for long periods, whereas child-to-father grafts were rejected within an 
expected range of time (15). This finding may indicate a persisting 
maternal desensitization or tolerance. 

In the present experiments, resistance of female mice to a transplantable 
tumor was found to decrease as a result of parity by males genetically 
related to the tumor. Parity was effective both in so-called “natural’’ 
resistance and resistance induced with a known (4) normal-tissue 
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antigen. The presence or absence of the milk agent in the male had 
no detectable influence. Susceptibility to the tumor increased in 
females with the amount of multiparity by DBA/2 males. In the rabbit 
it has been suggested that the passage of fetal cells into the maternal 
circulation through occasional breaks in the placenta may actually de- 
sensitize the mother (16). The effect of such an occurrence might pos- 
sibly be cumulative through repeated pregnancies. The resistance of 
females parous by C3H males is of particular interest as it indicates that 
the effect of parity seems to be strain-specific and not merely the result 
of an interstrain mating. The effect does not seem to be explained by 
hormonal changes incident to pregnancy because it was manifested only 
in a specific mating and then post partum, but the present data do not 
permit a decision as to the responsible mechanism. 

The relationship of this effect to the previously described immunological 
phenomena of acquired tolerance (3), enhancement (17), and paralysis 
(18) is uncertain. The induction of immunological tolerance in mature 
individuals has been suggested on theoretical grounds (19) and has been 
reported in the case of a soluble antigen (20). 

The fact that pregnancy induces some degree of tolerance suggests 
speculations of wide interest. It offers a possible explanation as to why 
tumors of chorionic origin that are genetically (being hybrid) and, pre- 
sumably, antigenically foreign to their hosts become established and are 
not rejected by an immune reaction. The effect of parity also suggests 
an approach to the transplantation of normal tissues. Furthermore 
the incidence of hemolytic disease is lower than that expected on an 
immunological basis (21). One may speculate that the induction of a 
specific nonreactivity in a gestating female may have arisen in nature as 
an additional protective mechanism so that a fetus would be “tolerated,” 
and perhaps a malfunction of this mechanism may be manifested by 
hemolytic disease of the newborn, spontaneous abortion, or possibly by 
some toxemias of pregnancy. 
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Skin and Tumor Grafting in Coisogenic Re- 
sistant Lines of Mice and Their Hybrids '-” 


OWE LINDER and EVA KLEIN,’ Institute for Tumor 
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Institutet Medical School, Stockholm, Sweden 


SUMMARY 


Some of G. D. Snell’s (1) isogenic 
resistant mouse strains and their 
hybrids have been tested by exchanging 
skin and tumor grafts. These strains 
have been developed with the purpose 
of fixing a one-histocompatibility-gene 
difference on a common coisogenic 
background. The lines used in the 
present study had a strain A back- 
ground and differed with regard to the 
histocompatibility-2 locus. The re- 
sults of tumor transplantation tests 
were in good agreement with the ex- 


in F, and 50% in backcross hybrids), 
and no additional histocompatibility 
differences could be detected by graft- 
ing into preimmunized hosts. In con- 
trast, skin grafts revealed the existence 
of numerous other histocompatibility 
differences, involving not less and prob- 
ably more than 10 loci. In addition, 
evidence was obtained for the existence 
of residual heterozygosis within the 
IR sublines, influencing the fate of 
skin but not of tumor grafts.—J. Nat. 
Cancer Inst. 24: 707-720, 1960. 


pected one-gene difference (75% takes 


COISOGENIC RESISTANT lines of mice have been established by the 
painstaking work of Snell (1,2); they can be described (3) as “homozygous 
lines genetically identical or isogenic except for one histocompatibility 


locus, at which locus the allele present is different in the two lines. Either 
line of a coisogenic pair with such a single histocompatibility difference 
may be referred to as an isogenic-resistant or IR line, since it will reject, 
or tend to reject, grafts of tissue or tumor derived from its coisogenic mate. 
Isogenic-resistant lines may arise in rare instances by mutation within an 
inbred strain, or may be produced by a series of crosses appropriately 
designed to introduce a foreign histocompatibility gene onto an inbred 
background.” 

The design of crosses employed by Snell for the production of a series 
of IR lines involved the use of tumor transplantation as a method of 
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selection (4). The original mouse strain was outcrossed with an unre- 
lated strain and hybrids of a segregating F, generation were challenged 
with a tumor derived from the original parental strain. Progressive 
growth of the neoplasm eliminated mice carrying important histocom- 
patibility factors of the original strain. Selective breeding of the sur- 
vivors fixed presumably only one histocompatibility factor, derived from 
the foreign strain used for the original outcross. Repeated backcrossing 
to the original strain, followed regularly by the elimination of histocom- 
patible hybrids by the same tumor, was subsequently employed to estab- 
lish a coisogenic background. It has been realized by Snell, however, 
that tumors, as contrasted to skin, often transgress histocompatibility 
barriers and grow in spite of weak homograft reactions. Surviving 
animals of a segregating hybrid generation, challenged with a virulent 
tumor, will tend to be those showing the strongest homograft reaction. 
While particularly strong barriers, such as a histocompatibility-2 (H-2) 
difference may be sufficient to produce an adequate response, it is possible 
that the added effect of multiple histocompatibility differences is even 
better. If so, the design employed may tend to fix several, rather than 
one, histocompatibility factors from the foreign strain. This possibility 
has also been fully realized by Snell et al. (4,5). The existence of addi- 
tional histocompatibility differences between IR lines might be detected 
by skin grafting, rather than by tumor transplantation to appropriate 
segregating hybrids. The purpose of the present study was to investigate 
whether such differences existed or not by testing some IR lines and 


their F,; and F, hybrids by tumor and skin grafting from donors of appro- 
priate genotypes. 


MATERIALS AND METHODS 


Mice.—Four IR lines of mice were used. They have been developed 
by G. D. Snell (1, 2), who kindly sent us breeding pairs in March, 1955. 

All 4 lines have a strain A background but differ with respect to the 
H-2 locus. The original A/Sn line (genotype H-2* H-2*) was derived from 
the Strong A strain, established in 1921. According to the “Standardized 
Nomenclature for Inbred Strains of Mice” (6), it had undergone 87 
generations of inbreeding up to 1952. The A/Sn subline was in its 19th 
generation when we received it and is currently in the 31st brother X 
sister generation in our laboratory. When received, the IR subline 
A.SW (H-2*°H-2*) was in the 24th, A.BY (H-2°H-2") in the 17th, and A.CA 
(H-2'H-2‘) in the 18th generation. They were bred by continuous 
single-line brother X sister mating from their 12th generation. In our 
laboratory the strains are maintained by brother X sister mating, regularly 
interrupted by interpolated backcrossing to the A strain after each 3 
or 5 brother X sister generations. On these occasions females of the 
sublines ASW, A.BY, and A.CA are crossed with A/Sn males. F, mice 
from these crosses are subsequently challenged with tumors of A/Sn 
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origin, and the survivors are antigenically typed by the hemagglutination 
test of Gorer and Mikulska (7). Mice showing the H-2 isoantigenic type 
of the particular IR subline entering the cross are subsequently used to 
replace the breeding pairs of this line, and their progeny are bred by 
brother X sister crossing for another 3 to 5 generations. This repeated 
backcrossing to the A/Sn strain was introduced to maintain as nearly 
as possible the identity of the common genetic background in all 4 lines. 
At the time of these experiments, a total of 8 or 9 brother X sister crosses 
were carried out since the mice were received from Dr. Snell. Back- 
crossing to the A/Sn strain preceded the first and the fifth brother < 
sister cross. 

Besides mice of the 4 main sublines, various F; and F, hybrid combina- 
tions were also used. Some outcrosses were made with mice of the strains 
DBA/2 K1 (A-2¢H-2*), C3H/K1 (H-2*H-2*), and C57BL/K1 (H-2°H-2"). 
These strains were also tested with intrastrain skin grafts. All animals 
used for grafting ranged from 18 to 25 gm. in weight and were 2 to 4 
months of age. The mice were kept on a standard diet in pellet form; 
both drinking water and pellets were available ad libitum. 

Tumors.—A large number of spontaneous and induced tumors arising 
in the 4 IR lines and their various F, combinations have been tested by 
transplantation during a period of 4 years (8-11). These neoplasms 
included spontaneous and estrogen-induced mammary carcinomas, 
methylcholanthrene-induced sarcomas, and spontaneous and estrogen- 
induced leukemias. A frozen-tumor bank in our laboratory (12) enabled 
us to work with parallel samples of early transfer generations of each 
tumor over an extended period of time and was very helpful in cutting 
down continuous serial passage. 

Typing of F, mice by hemagglutination.—Most of the F, mice used for 
the skin-grafting experiments were typed with regard to their H-2 com- 
position by the hemagglutination method of Gorer and Mikulska (7). 
The mice were bled from the retroorbital sinus and the washed suspensions 
of red blood cells were tested with known isoantiserums. Each mouse 
was typed twice with the same serums, on two different occasions. 

Grafting of neoplastic tissues.—Prior to inoculation solid tumors were 
aseptically removed, freed from macroscopically necrotic areas, and 
brought into suspension by pressing them through a 60-mesh stainless- 
steel screen into Ringer’s solution. Roughly comparable amounts of 
suspended tissue were injected subcutaneously into the right flank. 

Developing tumors were followed by regular inspection and palpation. 
Mice dying with progressively growing tumors were registered as positive; 
those surviving for 3 months without tumor development, or whose 
tumor had regressed during this period, were registered as negative. 

Grafting of skin—Skin transplantation was performed according to 
the method of Billingham and Medawar (13). Donor and recipient 
were always of the same sex in order to avoid the influence of sex-linked 
histocompatibility factors (14). The grafts consisted of pelt-bearing 
skin and were taken from the dorsal or ventral thoracic area of the donor. 
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The direction of the hairs was always arranged opposite to that of the 
host animal to make it easier to discover at a later time. In a few cases 
ear skin was used. The fitted pinch-skin grafts, of about 0.8 cm. in 
diameter, were placed on the trunks of the hosts and, if possible, in the 
vicinity of the dorsolateral blood vessels. The dressings were removed on 
the 10th day after the operation and the grafts were inspected daily during 
the first 50 days and once a week thereafter. As a rule, 3 to 4 days after 
the first signs of epithelial erosion, the graft had broken down completely 
and only scar tissue was left at the grafting site. The first day of complete 
breakdown was scored as the day of rejection (15). In some cases we 
were uncertain whether there was a “creeping” degeneration, such as an 
overgrowth of the remains of the graft dermis by the host’s skin epithelium 
and more or less degeneration of the dermal vessels, or a complete break- 
down of the graft. These doubtful grafts were biopsied and studied 
histologically. In most of the F, hybrid tests (about 90%) we used 
bilateral skin grafting with A skin on the right side of the trunk and 
A.SW skin on the left. With the exception of a few autotransplants, 
we have probably succeeded in avoiding “active” donor skin in all experi- 
ments, z.e., skin in the course of a cycle of new hair growth, a factor 
known to lessen the opportunity of survival of the graft (15, 16). To 
judge the donor skin in that respect it was necessary to examine the 
‘‘raw”’ surface microscopically before grafting. 


RESULTS 


Transplantation of Neoplastic Tissue 


Table 1 summarizes the transplantation results with various tumors 
that were either induced or arose spontaneously in one of the IR lines 
or in F, hybrids between 2 IR lines. Three types of neoplasms were 
studied particularly: methylcholanthrene-induced (MC) sarcomas, mam- 
mary carcinomas, and lymphomas. All tumors were readily transplanta- 
ble to isologous mice. With some tumors 100 percent takes were regularly 
obtained, while with others the percentages were somewhat lower. This 
was particularly pronounced with the MC sarcomas, which agrees with 
the findings of Prehn and Main (17). 

Four different spontaneous mammary carcinomas and 1 MC sarcoma 
of A-strain origin, 1 mammary carcinoma, and 1 lymphoma arising in an 
A.SW mouse were tested by transplantation to (A x A.SW)F, and 
(A x ASW) * A.SW backcross hybrids. The results are shown in 
table 2. The percentage of takes does not differ significantly from the 
expected 1-factor ratio of 75 percent for F, and 50 percent for BC hybrids. 
In the 3 cases where preimmunized F, hybrids were also tested there was 
no significant decrease in the percentage of animals with progressively 
growing tumors. Nor was the survival of F, mice prolonged by pre- 
immunization (see text-fig. 1). 
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TaBLeE 1.—Summary of tumor transplantation tests in the genotype of origin 





Progressively 
Number growing 
Type of tumor of tumors Genotype of origin tumors* 





MC sarcoma f 
Mammary carcinoma 
Lymphoma 

MC sarcoma t¢ 
Mammary carcinoma 
Lymphoma 

MC sarcoma ft 
Lymphoma 

MC sarcoma tf 
Mammary carcinoma 
Lymphoma 

MC sarcoma ft 

MC sarcoma f 
Mammary carcinoma 
MC sarcoma f 
Mammary carcinoma 
Lymphoma 

MC sarcoma f 

MC sarcoma f 


A 58/59 
70/70 
21/23 
A.SW 67/69 
25/25 
59/59 
A.CA 62/64 


8/8 
(A X A.SW)F, 530/545 
32/35 

74/75 
(ASW X A.CA)F, 139/144 
(A X A.CA)F, 191/228 
42/42 
(A.BY X A.CA)F, 215/223 
69/73 

8/11 

(A < A.BY)F, 49/54 
(ASW X A.BY)F, 34/34 
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*The figures denote the number of mice killed by progressively growing tumors/total number of inoculated 
animals. 


t Induced by the intramuscular injection of 0.1 to 0.5 mg. methylcholanthrene, dissolved in 0.1 ml. trioctanoin. 
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TEXT-FIGURE 1.—Survival time of untreated and of preimmunized (A X A.SW)F, 
hybrid mice after inoculation with mammary carcinoma S3W (of A.SW origin). 
The preimmunized group has received a single intraperitoneal injection of a tissue 


suspension derived from a mixture of kidney, liver, and spleen of ASW mice 7 days 
before tumor inoculation. 


Survival of A and A.SW Skin Grafts After Transplantation to 
(A X A.SW)F, Hybrids 


The results of these experiments are shown in table 3, which includes 
the data obtained by serological typing for H-2. 
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Among 74 skin grafts from A donors none was accepted for longer than 
120 days and all were ultimately rejected. The mean survival time 
was 24.6 days for the whole group. The results of serological typing 
of the recipient mice revealed significantly shorter mean graft-survival 
times for the H-2 incompatible (H-2*H-2*) mice (15.0 days) than for the 
homozygous (H-2*H-2*%) or heterozygous (H-2*H-2*) H-2 compatible 
type (29.4 and 29.3 days, respectively). While this was true for the 
means, the distributions of individual survival times overlapped con- 
siderably. 

A similar situation was found for A.SW skin grafts, as shown in table 
3. All 83 grafts were rejected by 100 days. The mean survival time 
was 22.2 days for the whole group; H-2 incompatible (H-2*H-2*) animals 
showed a significantly shorter mean graft-survival time (14.7 days) 
than H-2 compatible ones. The heterozygous group (H-2*H-2*) carried 
the grafts for an average of 27.2 days and the homozygous group (H-2'H-2") 
for 20.6 days; the difference between the latter 2 groups is not statistically 
significant. Again, there was considerable overlapping between the 
distributions of the individual values in the H-2 and the non-H-2 group. 

Histological examination of a few doubtful transplants confirmed the 
earlier visual inspection. With rare exceptions new hair was growing 
out from the skin grafts that survived the first 3 weeks after transplanta- 
tion. Especially among the animals with grafts surviving for more than 
40 days we found some grafts that underwent a partial breakdown, with 
peripheral epithelial erosion or superficial ulceration, followed by a 
temporary recovery for 5 to 15 days before they were ultimately destroyed. 
The day of total breakdown was taken as the day of rejection even in 
these cases. 

Six (A * A.SW)F; animals that had rejected both A and A.SW skin 
received a second graft 60 days after the first operation (table 4). The 
survival time was regularly shorter on the second occasion. Since the 
dressings were not removed until the 10th day after grafting, the time 
of the earlier rejections cannot be exactly determined. 


TABLE 4.—Survival time, in days, of A and A.SW skin grafted simultaneously to 
F, progeny;-second graft 60 days later 





A skin A.SW skin 





Mouse Serological 
No. First graft Second graft First graft Second graft type 





<10 H-2H-2 
12 H-2*H-2* 
H-22H-2¢ 

H-2*H-2¢ 

H-20H-20 

<10 H-20H-2¢ 





Thirty-nine randomly chosen F, animals received autografts from 
the outer region of the thigh. Five mice that had “active” skin at the 
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time of transplantation lost their autografts within 3 weeks. Of the 
remaining 34, 33 are still carrying the autografts after 300 days. One 
autograft was sloughed after 12 days, probably due to infection. 


Intrastrain and F, Hybrid Grafts 


The results of the F, tests show that A and A.SW differ with regard to 
other histocompatibility factors in addition to H-2. Also, the possibility 
exists that one or both strains are segregating for histocompatibility 
factors because of residual heterozygosis. This was tested by intrastrain 
grafts in A and A.SW mice (table 5). On the whole, A skin showed 
satisfactory survival both on A mice and on F, hybrids with A as one 
of the parental strains; 30 of 32 grafts survived the entire observation 
period of 100 to 300 days. A different situation was found with intra- 
strain A.SW grafts or with A.SW skin grafted to appropriate F, hybrids. 
The grafts were regularly rejected after a more or less prolonged survival 
period ranging from 13 to 78 days. Skin grafts exchanged between 
(A X A.SW)F; hybrids showed much better survival, however, and only 
8 of 22 grafts were rejected, the rest surviving for the entire observation 
period of 100 to 300 days. 

Intrastrain skin grafts were also made on the other available IR lines. 
Only 2 of 7 A.CA skin transplants survived up to 90 days; 1 animal then 
died of a mammary tumor while the other animal is still carrying its trans- 
plant (table 5, expt. 14). All A.BY skin grafts were rejected within 60 days 
(expt. 16). Experiments 11, 12, and 13 in table 5 show the results of iso- 
grafts within the strains C57BL, C3H, DBA/2. Twenty-four graftings 
were made, all of them surviving the entire length of the observation 
period (more than 150 days). Experiment 16 shows the survival time of 
A.BY skin on (A X C57BL)F;, hybrids. If A.BY differed from A (H-2*H- 
2*) only with regard to the H-2 locus, an F, hybrid from a cross between A 
and C57BL (H-2°H-2°) would contain all histocompatibility factors that 
are present in A.BY, H-2° being contributed by C57BL and the remaining 
background by A. On this assumption, A.BY grafts should be compatible 
with the F, hybrids. This was not the case, however; all 8 grafts were 
ultimately rejected, their prolonged survival time (43.0 + 3.2 days 
average) being in accordance with a non-H-2 situation. 


DISCUSSION 


The classical method of determining the number of histocompatibility 
factors differentiating 2 inbred strains of mice consists of grafting tissues 
from the 2 strains to their F, or backcross-hybrid progeny (18). The 
overwhelming majority of such tests has been carried out with neoplastic 
tissues. The ratios of animals killed, by progressively growing tumors, 
to survivors were usually in good agreement with Mendelian expectation, 
based on a difference in a few histocompatibility genes, seldom more than 
4 or 5. Skin grafting has, on the other hand, revealed a much larger 
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number of histocompatibility differences indicating the existence of not 
less than 15 loci (19). The discrepancy between these results can be at 
least partly explained by the fact that ‘weak’ histocompatibility differ- 
ences are overridden by tumor growth (3) but not tolerated by skin. The 
use of preimmunized hosts reveals some of the weaker factors in tumor tests 
(3, 20). A certain “antigenic simplification” in neoplastic cells may also 
contribute to their less strict requirements (21). 

The development of coisogenic resistant (IR) strains of mice (1) repre- 
sents a major advance in the field of transplantation genetics. They have 
been established with the aim of fixing different alleles of a given histo- 
compatibility gene on a common genetic background. They are utilized 
extensively in the fields of transplantation immunogenetics and cancer 
research. The authors felt that it would be of considerable interest to 
investigate experimentally, by the method of normal and neoplastic tissue 
grafting to segregating hybrids, how well the theoretical expectation of a 
one-factor difference is fulfilled in reality in some of the established IR 
lines. Tests on F, hybrids between strain A and its IR subline A.SW were 
in good agreement with the one-factor expectation as long as tumor tissue 
was used; this was true even if the hybrid recipients were preimmunized. 
It may be pointed out in this connection that the tumors used for these 
experiments were all in their early transfer generations and exhibited 
highly strain-specific behavior. An entirely different picture was obtained 
with skin, however. No definite survivals were obtained, indicating the 
existence of numerous differences between the 2 strains; it would appear 
that not less than 10 independent loci may be concerned. Skin grafting 
was almost uniformly successful when performed by the same method 
within the A strain and with other standard inbred strains maintained at 
our laboratory; the same was true for their F, hybrids and for autograft 
controls. 

Another method was applied to another IR subline of strain A, A.BY. 
This line is differentiated from A by its H-2 allele and, presumably, no 
other histocompatibility factor. Since A.BY carries H-2° and so does the 
inbred strain C57BL, (A * C57BL)F, hybrids should tolerate skin grafts 
from A.BY mice, because they both contain H-2” in addition to the pre- 
sumably common genetic background of A and A.BY. This was not the 
case, however; the grafts were uniformly rejected after an average survival 
time of 43 days. A.BY must therefore contain histocompatibility factors 
other than H-2° that differentiate it from strain A mice. An alternative 
explanation would be that the H-2 alleles in A,BY and C57BL are not 
really identical. 

Skin grafting within the three IR lines ASSW, A.BY, and A.CA was 
uniformly unsuccessful, indicating residual heterozygosis within the 
strains. This is again at sharp variance with the results of tumor trans- 
plantation; extensive transplantation tests with a large number of spon- 
taneous or induced carcinomas, sarcomas, and lymphomas of recent origin 
in the 3 lines and their various F, hybrid combinations gave a uniformly 
high incidence of progressive growth, in no way inferior to the usual find- 
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ings on standard highly inbred strains. It may be added that the presence 
of segregating genes indicated by the skin-grafting experiments was not 
paralleled by segregation of visible coat-color genes when A.SW was 
crossed with the triple recessive DBA/2 strain; all progeny were uniformly 
chocolate brown. 

Skin grafting between (A X A.SW)F; hybrids gave better results than 
intrastrain A.SW grafts, and a number of definite survivals were obtained. 
A similar situation was observed when A.SW skin was grafted to (ASSW 
< DBA/2)F; mice. On the whole, these results were nevertheless con- 
siderably inferior to those observed within standard inbred strains. 

The remarkable discrepancy between tumor and skin results, although 
not entirely unexpected, is nevertheless surprising. It may be recalled 
that tumor transplantation was used as method of selection during the 
establishment of the IR lines used in this study. It seems possible that 
the additive effect of several histocompatibility differences might produce 
more survivors for subsequent breeding than a single difference, even if 
the latter concerns a “‘strong’’ locus such as H-2. If so, this might lead to 
the unconscious selective fixation of foreign histocompatibility factors at 
several loci, in spite of repeated backcrossing. This explanation appears 
less likely, however, when the results of F, tests with tumor grafts in pre- 
immunized hosts are considered. As mentioned previously, the numerous 
non-H-2 differences revealed by the skin grafts do not become apparent 
with tumors, even if neoplasms particularly sensitive to homograft reac- 
tions, such as lymphomas, are used. This would tend to minimize their 
importance for tumor grafts in general and could thus hardly play any 
significant and consistently selective role during the establishment of the 
IR lines themselves. As an alternative explanation, it may be assumed 
that a comparatively large number of different genes, distributed at ran- 
dom, are still heterozygous in the present IR lines; the history of inbreeding 
of these lines is relatively short when compared to standard inbred strains. 
In fact, Snell has presented evidence for the segregation of some genes 
with visible effects in other IR lines (4). As a corollary, it follows that a 
large number of genes exist that are of little if any significance for the 
establishment and progressive growth of tumor grafts but that may never- 
theless lead to the ultimate rejection of skin grafts. It may be pointed out 
in this connection that serological H-2 typing of the F, hybrids rejecting 
A or A.SW skin has shown, in the present study, that while H-2 incom- 
patible types exhibit a shorter average graft survival time than H-2 
compatible ones, there is considerable overlapping between the 2 groups. 
In other words, the additive effect of numerous “weak” factors may 
produce the same end result as found with a “strong” H-2 difference 
with regard to the survival time of grafted skin. On the other hand, they 
seem to be quite inactive against tumor grafts, which are nevertheless 
eminently sensitive toward H-2 differences (22). One might speculate 
that differences at different histocompatibility loci may result in quali- 
tatively different homograft reactions, some of which may be damaging 
for skin but not at all for tumor tissue. Alternatively, the difference 
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might be purely quantitative; if so, it ought to disappear when tumors are 
tested in hyperimmunized hosts and with small cell numbers. Experi- 
ments on this point are currently in progress. 
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SUMMARY 


Evidence is presented for gene control 
over the propagation of the mammary- 
tumor agent in mice. The segregation 
data do not support an interpretation 
of single-gene control, but they suggest 
that the agent can be propagated in the 
presence of one or more of several genes. 
It appears that females lacking any of 
the genes for propagating the agent do 
not eliminate it through production of 
antibodies against it, but apparently 
the agent is lost in subsequent genera- 


tions through dilution. There is evi- 
dence that females that can propagate 
the agent vary in the quantity or qual- 
ity of agent produced, presumably ow- 
ing to the number they possess of the 
several genes for the propagation’of the 
agent. The mammary tumors observed 
in the study are classified as to histo- 
logic type, and the other neoplasms of 
many kinds that were observed are 
listed.—J. Nat. Cancer Inst. 24: 721-731, 
1960. 


ONE OF the pathways through which genes influence the occurrence of 
mammary tumors in mice is through their control over the propagation 
and transmission of the mammary-tumor agent. In studies in this labo- 
ratory (1) when strain C3H females with the agent and genetically sus- 
ceptible to it were outcrossed to strain C57BL males genetically resistant 
to the agent, the females resulting from backcrossing the F, females to 
C57BL males could not transmit the agent as effectively as could those 
females resulting from backcrossing the F, females to C3H males. Geneti- 
cally uniform (B xX C3H)F, females were used to test both backcross 
groups, and more of those foster-nursed by the C3H backcross females 
developed mammary tumors than of those foster-nursed by the C57BL 
backcross females. The difference in the ability of the 2 backcross groups 
to transmit the agent was attributable to the genetic difference due to the 
fact that the one group had C57BL fathers and the other group C3H 
fathers. 

Later, in an extensive study of successive backcrosses to resistant 
C57BL males, it was found that the agent originating from the parent 
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C3H 


(C3H x B)Fy 


(C3HB x B)BCy 


C3He (FN-BC)) 


(C3HB x B)BC2 





No. with 


Number tumo 


Number 


No. with No. tested 
tumor for agent 


No. with 
agent 





58056 T-9 


$8057 T-9, 


$8870 T-11,——-61017 N-19 


58871 T-14 


-—60280 T-6 


60281 T-13 


60282 T-14 





61241 T-15 





61242 T-14 62234 T-10 
62235 N-16 
62236 T-18 


60283 T-11;———— 61502 N-21 


61018 T-19 
61019 T-21 
61020 T-21 
61021 T-16 
61022 T-15 
61679 T-24 
61680 T-17 
61681 N-19 
61682 N-19 
62646 T-13 
62647 N-6 

62648 N-15 
62649 N-16 
62650 N-18 
62651 N-16 
62652 N-26 


61554 T-19 
61555 T-24 
61556 T-26 
61557 N-22 
61558 N-21 
62237 T-19 
62238 T-22 
62239 T-11 
62240 N-20 
62241 T-20 
62242 T-17 
62243 T-15 
61673 N-20 
61674 T-21 
61675 T-19 
61676 T-21 
61677 N-16 
61678 T-14 
62407 N-13 
62408 N-22 
62409 T-13 
62410 T-25 
62411 N-20 
61683 N-24 
61684 N-19 
61685 T-16 
61686 N-22 
61687 T-12 
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61916 T-14 
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61498 N-15 
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62149 T-21 
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62151 N-17 
62152 N-16 
62153 T-23 
62154 T-20 


62510 T-20 
62511 T-16 
62512 T- 8 
62513 N-23 
62514 T-26 


63188 T-17 
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C3H females was completely eliminated by the third backcross genera- 
tion, owing to genes for resistance from the C57BL males (2). These 
results indicated that relatively few genes were involved in the propagation 
of the agent and suggested the possibility of but a single pair, but the 
number of females in the first backcross generation was not large enough 
for analysis of segregation. 

The present study was outlined to study segregation of ability to trans- 
mit the agent among females of the first and second backcross generations 
with the hope of ascertaining whether or not single-gene segregation was 
indicated. 


MATERIALS AND METHODS 


The study, outlined in text-figure 1, was started by mating 2 strain 
C3H females with 2 strain C57BL males. These females were of our 
C3H colony and were of the F's; generation of brother X sister inbreeding 
since we obtained the original stock from Dr. H. B. Andervont in 1941. 
Our subline of C3H carries the mammary-tumor agent and has yielded 
about the highest incidence of mammary tumors with the lowest tumor age 
of any line reported. Of 419 breeding females previously reported (3), 
97 percent developed mammary tumors at an average age of 7.8 months. 
Both of the C3H females used in this study had the agent and both de- 
veloped mammary tumors at 9 months of age. The C57BL males were of 
our subline, derived from stock obtained from Dr. Andervont in 1945. 
This subline does not carry the mammary-tumor agent and is genetically 
resistant to it. During these 14 years we have observed no mammary- 
gland tumors in a total of 1,054 females of our C57BL breeding colony. 

Two (C3H X B)F;, females were obtained from one of the C3H females 
and 6 from the other. All 8 of these F, females had the mammary-tumor 
agent and all later developed mammary tumors at an average age of 12.3 
months. These 8 F, females were backcrossed to C57BL males to produce 
76 (C3HB X B)BC, females. It was from these 76 first backcross females 
that we hoped to obtain evidence of genetic segregation of the ability to 
propagate the mammary-tumor agent and to ascertain whether or not the 
ratio was approximately 50-50, that expected if but a single gene were 
involved, as suggested in the earlier study. 

These 76 first-backcross females were in turn mated to C57BL males 
and when their litters were born each was given 5 C3He newborn females 
to foster-nurse in order to test her for her ability to transmit the agent. 
We also obtained from each female 5 of her own second-backcross females. 
Since she was permitted to nurse only 5 young after the birth of each litter, 





TEXT-FIGURE 1.—Pedigree chart showing females with mammary tumors (T) at the age 
indicated, in months, and females dying without mammary tumors (N) at the age in- 
dicated, and results of tests for the transmission of the agent by the backcross 
females. 
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it was necessary for her to have at least 2 litters to obtain the necessary 
number of her own and fostered offspring. Sometimes she fostered C3He 
young after the birth of the first litter, sometimes after the second, and 
sometimes she suckled some of her own young and some fostered young 
at the same time. Usually the C3He test females were placed with their 
foster mother on the day they were born, and very few were 4 or more 
days of age. These C3He test females were of the substrain developed by 
Deringer (4) from a male and female obtained by transfer of fertilized ova 
from a C3H female to the uterus of a C57BL female. When the young 
were born they were nursed by the C57BL female. Mice of this substrain 
C3He, therefore, do not have the agent though they are genetically very 
susceptible to it. 

A positive test for the ability of the first-backcross females to transmit 
the agent, however, was not considered as conclusive evidence of their 
ability to propagate the agent. Andervont (5) introduced the agent into 
2 C57BL females by having them foster-nursed by a C3H female, and 
these C57BL females could later transmit the agent to genetically sus- 
ceptible test females, but their own C57BL female offspring could not 
transmit it. Therefore, to get more conclusive evidence on the ability of 
the first-backcross females to propagate the agent, 5 second-backcross 
females mentioned previously were produced from each first-backcross 
female by mating her to a C57BL male. All of these first-backcross 
females reared their 5 young except for 8 that reared only 4 each and 2 
only 3 each, yielding a total of 368 (C3HB * B)BC, females. These were 
mated to C57BL males, and when their litters were born their own offspring 
were discarded and each second-backcross female was given 5 C3He or 
C3Hf newborn females to foster-nurse as a test for her ability to transmit 
the agent. The ability of the second-backcross female to transmit the 
agent would reflect the ability of her first-backcross mother to propagate 
the agent. The C3Hf test females were of our agent-free substrain 
originally started from a C3H litter taken from their mother by cesarean 
section and foster-nursed by a C57BL female (6, 7). The substrain was 
originally designated as C3Hb. C3Hf mice, like C3He mice, do not have 
the agent but are genetically very susceptible to it. 

The mice were kept in clear plastic cages 7 X 11 X 5inches. During 
the breeding period 5 females were mated to 1 male in each cage, and when 
the females became pregnant each was placed in an isolation cage where 
she remained until her litter was weaned. When the desired number of 
offspring and foster-nursed test females had been obtained, the breeding 
females were retired with 8 in each cage. The test females were kept as 
virgins with 8 in each cage. Tap water and NCI pelleted food, the for- 
mula of which has been published (4), were supplied ad libitum. 

After the mice developed tumors or when they became moribund they 
were killed and examined and the tumors and other lesions were recorded. 
A few mice were found dead in the cages and these also were examined 
for tumors and other lesions. All tumors were fixed in Fekete’s modifica- 
tion of Tellyesniczky’s fluid (70% alcohol, 20 parts; formalin, 1 part; 
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glacial acetic acid, 1 part). They were mounted in paraffin, sectioned, 
and stained with hematoxylin and eosin. 


DISCUSSION OF RESULTS 


The occurrence of tumors in the 2 original C3H females and in the 
females of the F, and the first- and second-backcross hybrid groups, 
together with the results of the tests for the mammary-tumor agent in 
the backcross females, are presented in text-figure 1. It is certain that 
the 2 original C3H females had the agent, for both of them developed 
mammary-gland tumors at 9 months of age. Furthermore, the 2 F;, 
female offspring of the 1 C3H female and the 6 of the other all had mam- 
mary-gland tumors at a relatively early age with an average tumor age 
of 13.3 months. It is also certain that each of the F, females had the 
agent since all were genetically susceptible to the agent—all had C3H 
mothers, all had tumors at a relatively early age, and all had some first- 
backcross offspring that had tumors at an early age. It can therefore 
be assumed that all 76 first-backcross females received the agent. Since 
genetic segregation would be expected in these first-backcross females, 
would this segregation be revealed as variation in ability to propagate 
the agent or to transmit it? 

No evidence of segregation in respect to transmission of the agent was 
observed in this first-backcross generation. Foster-nursed C3He test 
females were obtained for 73 of the 76 first-backcross females, and from 
the occurrence of mammary tumors in these test females at an early age 
it was evident that each of these 73 first-backcross females had trans- 
mitted the agent. There was a total of 357 test females for this genera- 
tion and 92.7 percent developed mammary tumors at an average age of 
11.3 months. The remaining females died without mammary tumors at 
an average age of 19.1 months. Despite the fact that these first-backcross 
females transmitted the agent very effectively, only 59 percent of them 
developed mammary tumors and most of these appeared at an advanced 
age. The average tumor age for the group was 18.2 months and the 
average age at death of the females that did not develop mammary 
tumors was 19.0 months. 

Five female offspring were obtained from each of 66 of the 76 first- 
backcross females and either 3 or 4 were obtained from each of the re- 
maining ones, yielding a total of 368 second-backcross females from which 
to get an indication of the ability of the first-backcross females to pro- 
pagate the agent. Of these 368 females, 28 percent developed mammary 
tumors at an average age of 18.9 months, the remainder dying without 
mammary tumors at an average age of 21.2 months. ‘Tests for ability 
to transmit the agent were obtained for 335 of these 368 second-backcross 
females by having them foster-nurse either newborn C3He or C3Hf females. 
There were 917 of these C3He test females, of which 76 percent developed 
mammary tumors at an average age of 12.7 months, the other females 
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dying without mammary tumors at an average age of 20.6 months. There 
were 734 C3Hf test females, of which 83 percent developed mammary 
tumors at an average age of 12.5 months, the remainder dying without 
mammary tumors at an average age of 19.1 months. Throughout this 
study the advanced ages to which the nontumorous females lived en- 
hanced the reliability of the tumor incidences. 

In the evaluation of the response in a test for the mammary-tumor 
agent, both the number of test females that develop tumors and the ages 
at which the tumors occur must be considered. Most of our strain C3H 
females with the agent develop mammary tumors and the tumors appear 
at an early age; however, some of the C3He and C3Hf females without the 
agent also get mammary tumors, but they appear at a very late age. In 
the present study we therefore used an index of response which was deter- 
mined by dividing the incidence of mammary tumors among the females 
of each test by the average age at which the tumors appeared. The 
quotient was then multiplied by 1,000 to give indexes as whole numbers. 
Similar indexes have been used in studies of carcinogenesis (8). 

Indexes of response for the 335 second-backcross females ranged from 
zero to 118, with a bimodal distribution divided at about 30 (see text- 
fig. 2). It appeared that the females falling above this point were 
transmitting the agent whereas those falling below were not. An index 
of 31 or above was, therefore, considered as a positive test for the agent 
and one of 30 or less was considered as a negative test for the agent. 
Positive tests for the transmission of the agent were thus obtained for 275 
of the 335 second-backcross females tested. 

As pointed out earlier the primary purpose of these second-backcross 
females was to give more conclusive evidence of the ability of the first- 
backcross females to propagate the agent. Early work suggested that a 
first-backcross female might lack the gene or genes for propagating the 
agent and still be able to transmit it, but it would probably die out in the 
next generation produced by again backcrossing to a resistant C57BL 
male. Inability of the first-backcross female to propagate the agent was, 
therefore, ascertained by negative tests for transmission of the agent 
from all of her second-backcross female progeny. If a single gene were 
responsible for the propagation of the agent, the expected segregation 
ratio in the first-backcross generation would be 50-50 and thus only 
approximately 50 percent of them should have any backcross offspring 
that would transmit the agent. Of the 76 first-backcross females, 71 
had some second-backcross offspring that gave a positive test for the 
transmission of the agent, and only 5 had second-backcross offspring, none 
of which could transmit the agent (see text-fig. 1). Thus, the results 
fail to support a concept of single-gene control over the propagation 
of the agent, but rather suggest that one or more of several genes will 
permit the propagation of the mammary-tumor agent. 

The distributions of the indexes of response from the tests for the 
transmission of the agent by the first- and second-backcross females is 
of interest. These are shown in text-figure 2, which also shows distribu- 
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TEXT-FIGURE 2.—Distribution of indexes of response of females of strain C57BL, strain 
C3H, (C3H X B)F, hybrids, (C3HB Xx B)BC, hybrids, and (C3HB X B)BC; 
hybrids tested by foster-nursing C3Hf or C3He females. 


tions of 39 strain C57BL females, 18 strain C3H females, and 12 (C3H 
X B)F, females also tested by foster-nursing C3Hf females in a previous 
study (2). Since a few of the C3Hf females foster-nursed by the C57BL 
females developed mammary tumors at a late age, some of the C57BL 
females had indexes above zero, the highest being 15, but none was high 


Ea eaantad aes. RAT 


VOL. 24, NO. 8, MARCH 1960 








728 HESTON, VLAHAKIS, AND DERINGER 


enough to indicate transmission of the agent. The mode of the dis- 
tribution was at zero. Nearly all the C3Ff females that were foster- 
nursed by the strain C3H females developed mammary tumors at a 
relatively early age; consequently all the indexes for the strain C3H 
females were high. They ranged from 63 to 122, which was well above 
the lower limit of indexes, indicating a positive test for the agent, and the 
mode was between 91 and 100. The (C3H X B)F;, females resulting 
from mating C3H females to C57BL males also transmitted the agent 
very effectively. Their indexes ranged from 77 to 125 with a mode also 
between 91 and 100. 

The (C3HB X B)BC, females, in which one would expect segregation 
of genes controlling the propagation of the agent, also had a unimodal 
distribution. Their indexes ranged from 53 to 111, which was well above 
the lower limit of positive tests for transmission of the agent. Segregation 
occurred, however, in the (C3HB X B)BC, females. Indexes ranged from 
zero to 118, wi‘h a bimodal distribution in which females transmitting 
the agent were rather clearly distinguished from those not transmitting 
it. This bimodal distribution was apparently due to genetic segregation 
in this and the preceding generation. 

Thus, it is evident that females lacking any of the genes for propagating 
the agent, when they have received a large amount of the agent, can 
transmit it to genetically susceptible young, but the agent may disappear 
in their own young that likewise do not have any of the genes for its 
propagation. It appears that certain genes provide for the propagation 
of the agent, but the alleles of these genes that do not propagate the 
agent do not cause the production of antibodies to eliminate the agent. 
No one, to our knowledge, has shown that a mouse can. produce anti- 
bodies to the agent. Thus, a female without propagating the agent can 
transmit it when she has received a large quantity of it, but, through 
dilution, the agent is lost in subsequent generations. 

Among the second-backcross females that fell in the second modal dis- 
tribution and, thus, all of which were considered to be transmitting the 
agent, there was greater variation and range of indexes than among the 
genetically homogeneous C3H and F, groups and the first-backcross 
group. The standard deviation for these second-backcross females was 
16.9 as compared with 14.9 for the first-backcross females. The standard 
deviations for the C3H and F; groups were only 15.3 and 13.6, respectively, 
and in these groups the mean indexes were higher. Thus, among females, 
all of which can transmit the agent, there can be variation in the extent 
to which they produce the agent, and apparently part of this variation 
can be genetic. This presumably would depend upon the number present 
of the several genes for propagating the agent. This is in line with ob- 
servations others have made that inbred strains that propagate and 
transmit the agent vary in the quantity or quality of agent they trans- 
mit (9-13). 

A total of 2,503 mammary-gland tumors was observed in the study 
and these were classified according to the histologic classification of Dunn 
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(14) (see table 1). This total number of tumors differs from the total of 
1,791 females with mammary tumors recorded in table 2, owing to the 
presence of multiple mammary tumors in some of the animals. There 
was not a wide variety of histologic types, probably owing in part to the 
genetic similarity in the groups of females and the presence of the agent 
in most of the females. Most of the tumors were classified as Type A, 
with characteristic acinar structure, and Type B, with solid cellular 
formation or with cyst formation and papillary growth. Many of these 
tumors had areas of both types but were listed according to the predomi- 
nant structure. There was 1 adenoacanthoma, with intimate mixture of 
acinar tumor tissue and epidermoid tissue, in the (C3HB xX B)BC),, 3 in 
the C3Hf mice that were foster-nursed by females of the (C3HB x B)BC, 
group, and 11 in the C3He mice foster-nursed by females of the same 
backcross group. There were 5 carcinosarcomas in the lot. There was no 
indication that when multiple mammary tumors occurred they tended to 
be all of the same type. Quite a large number of the mammary tumors 
showed secretory activity, there being a total of 84 among those 
classified as Type A, 128 among those classified as Type B, and one of 
the adenoacanthomas. Mammary tumors showing secretory activity 
have been recorded before in mice of the C3He substrain (4). 


TaBLE 1.—Mammary-gland tumors classified according to histologic type* 








Adeno- Carcino- 

Group Type A Type B acanthoma sarcoma 
C3H 2 1 
(C3H X B)F; 3 6 
(C3HB X B)BC, 23 30 (1) 
C3He-FNf on BC, 252 (8) 212 (25) 1 
(C3HB X B)BC, 66 (1) 50 (1) 1 1 
C3Hf-FN ft on BC, 473 (28) 383 (28) 3 
C3He-FNft on BC, 511 (47) 471 (73) 11 (1) 3 





*Numbers in parentheses indicate number with secretory activity. 
tF N =foster-nursed. 


All tumors in addition to the mammary-gland tumors that occurred 
in the various groups of females are listed in table 2 along with the average 
age at which the tumors occurred. Since many of these females lived 
to an old age, many kinds of neoplasms were observed. In the C3He 
and C3Hf groups, hepatomas occurred with the highest frequency except 
for the mammary tumors. Incidences of hepatomas were determined 
for the non-mammary-tumor females, thus eliminating many females that 
died early with mammary tumors. The incidence in non-mammary- 
tumor C3He females that nursed upon BC, females was 38 percent; that 
in non-mammary-tumor C3He females that nursed upon BC, females 
was 58 percent; and that in non-mammary-tumor females that also 
nursed upon BC, females was also 58 percent. These incidences are in 
line with other high incidences of hepatomas we have recently recorded 
in our substrains of C3H (4, 15). Among the backcross groups the 
most frequently occurring neoplasms aside from the mammary tumors 
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were reticulum-cell neoplasms. This reflects the genetic susceptibility to 
this neoplasm inherited from strain C57BL. Reticulum-cell neoplasms 
did occur, however, in the C3He and C3Hf females. Other kinds of 
neoplasms occurred less frequently. In general, the list is similar to 
those we have recorded for other groups of hybrids between C3H and 
‘57BL and for other groups of C3He and C3Hf females. 
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Breast Cancer in Relation to Nursing and 
Menopausal History * * 


BRIAN MacMAHON,’ M.D., and MANNING FEINLEIB, 
A.B.,* The Department of Environmental Medicine and 
Community Health, State University of New York, 
Downstate Medical Center, Brooklyn, New York 


SUMMARY 


Histories of nursing (lactational) experi- 
ence, menopause, and several ancillary 
factors were obtained by interviewing 
340 women with breast cancer who were 
drawn from the current cancer lists of 
five New York City hospitals. Histories 
were obtained in a similar way from 340 
general surgical patients attending the 
same hospitals, and matched with the 
breast-cancer patients for each of eight 
variables. No appreciable differences 
between the breast-cancer patients and 
the comparison patients in regard to 
their nursing histories were observed. 
It is suggested that the previously re- 
ported relationships between nursing 
history and breast-cancer risk are ex- 
plainable on the basis of variations in 


other intermediate variables, such as 
parity, age, and socioeconomic charac- 
teristics. The existence of a relation- 
ship between breast cancer and artificial 
menopause, postulated by previous 
workers, is supported by the observa- 
tion that the frequency of artificial 
menopause was significantly lower 
among the breast-cancer patients than 
in the comparison group. This rela- 
tionship is independent of fertility. 
No significant difference between the 
cancer and comparison patients was 
observed with respect to menstrual 
activity, fetal death, smoking history, 
or frequency of major illnesses and 
operations.—J. Nat. Cancer Inst. 24: 
733-753, 1960. 


STUDIES ON the associations of the risk of developing carcinoma of the 
breast with the frequency and duration of lactation, and with age at and 
type of menopause, have been summarized in recent reviews (J, 2). 

The most consistent finding has been an apparent negative correlation 
between the incidence of breast cancer and total duration of nursing 


(3-5). 


It has also been reported that the proportion of women who have 


never nursed a child is greater in groups of patients with breast cancer 


than in comparison groups (2-4, 6). 


1 Received for publication August 26, 1959. 


These findings are in accord with 


? This study was aided by a field investigation grant CS-9435 (S) from the National Cancer Institute of the 


National Institutes of Health, Public Health Service. 


3 Present address: Department of Epidemiology, Harvard School of Public Health, Boston, Mass. 


‘ We are indebted to the staffs of the following hospitals and to the physicians indicated for permission to inter- 
view patients: Coney Island Hospital, Dr. Harold Fink; Jewish Chronic Disease Hospital, Dr. Martin Goldner; 
Kings County Hospital, Dr. Leslie Alexander; Maimonides Hospital of Brooklyn, Dr. Joseph Attie; and New 


York University-Bellevue Medical Center, Dr. Harold H. Sage. The interviews were conducted by Mrs. Lucille 
Stegel, R.N. 
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the well-substantiated observation that the risk of developing mammary 
carcinoma is inversely related to fertility (7-14). They are also consistent 
with epidemiologic observations regarding the geographic distribution of 
breast cancer and recent changes in incidence in the United States and 
England and Wales (15, 16). 

In reports on the association between breast cancer and menopause it 
has been suggested that: (1) The age incidence curve for breast cancer 
shows a depression at or shortly after the menopause (17-24). An alter- 
native explanation of this depression has been offered in terms of cohort 
analysis of time changes (15). (2) Women with breast cancer tend to 
have their menopauses later in life than do women without breast cancer 
(25). (3) The frequency with which the menopause is induced artificially 
is lower among patients with breast cancer than among the general popula- 
tion (3, 26, 27). It is suggested, therefore, that the risk of developing 
breast cancer is decreased by early or artificial menopause (28). 

The major difficulty in accepting these findings is that few of the studies 
were adequately controlled. The comparison groups that were used have 
been matched with the cancer groups for only one or two, if any, of the 
many relevant variables. In particular the complicating influence of 
the relationship between fertility, on the one hand, and lactation history 
and menopause, on the other, has not been satisfactorily eliminated. 

The purpose of the present study was to compare a group of breast- 
cancer patients with a comparison group that was carefully matched 
with the cancer patients with respect to fertility and a number of other 
characteristics. 


MATERIAL 


Breast-cancer patients undergoing treatment or follow-up at five New 
York hospitals were interviewed. An attempt was made to interview all 
patients seen at these hospitals between August, 1957, and March, 1959. 
However in several hospitals this objective was clearly not attained. 
Table 1 shows that the majority of the patients were in fact derived from 
Kings County Hospital. 


TABLE 1.—Distribution of breast-cancer patients by hospital 





Number of Number of 
patients patients Percent Percent of 
Hospital interviewed matched matched final series 





Kings County Hospital : 294 86. 0 
N.Y.U.-Bellevue, Div. III ; 13 54. 2 
Maimonides Hospital 15 26. 3 
Coney Island Hospital 4 100. 0 
Jewish Chronic Disease Hos- 

pital 14 56. 0 


Total 75. 2 
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The comparison group was derived from patients attending the general 
surgical clinics of the same hospitals with diseases other than cancer. 
Interviews were conducted with all patients attending certain clinics. 
From the resulting records, individual records were selected for matching 
with appropriate breast-cancer patients. It was required that the general 
patient match the corresponding breast-cancer patient with respect to the 
following variables, all of which were considered capable of influencing 
lactation history: hospital at which interviewed; service, all were “ward”’ 
patients; ethnic group, Negro, Puerto Rican, and other white; religion, 
Catholic, Protestant, or Jewish; nativity, native-born or foreign-born; 
marital status, single or ever-married; age, within 10 years; and parity. 
It was not considered practical te match completely for parity. Certain 
rules were followed with respect to this variable, which resulted in the 
distribution shown in table 2. 

As shown in table 1, a satisfactory match was obtained for 340 (75.2%) 
of the 452 breast-cancer patients. The high proportion of unmatched 
cases in Maimonides Hospital is due to the fact that 35 of the 57 breast- 
cancer patients interviewed were private patients. Since there were no 
“clinics” for private patients, no attempt was made to find comparison 
patients for them. If these 35 patients are excluded, 81.5 percent of the 
breast-cancer patients were matched. The analysis is based only on the 
340 matched cancer patients and the 340 corresponding general surgical 
patients. 

Although no examination can be made of variables that were matched, 
the following distributions of the 340 matched pairs are given for de- 
scriptive purposes: 

White 239 Catholic 132 


Negro 90 Jewish 92 
Puerto Rican 11 Protestant 116 


Single 25 Native-born 222 
Ever-married 315 Foreign-born 118 


The mean age of the cancer patients was 57.37 + 0.68 years, and of the 
comparison group 56.94 + 0.68 years. 

The diagnoses for which the comparison patients were attending the 
hospitals were: disorders of the extremities, 127; gastrointestinal dis- 
orders, 82; gallbladder disorders, 33; genitourinary disorders, 10; disorders 
of the spine, hip, or shoulder girdle, 21; nonmalignant disorders of the 
breast, 9; and other, 58. 


NURSING HISTORY 


The possibility of an association between nursing (lactation) history 
and breast-cancer risk is examined by comparing the breast-cancer 
patients and the control patients with respect to: (1) total duration of 
lactation and average duration of lactation per mother and per child, 
(2) proportion of mothers who have never nursed, and (3) proportion of 
children who have been nursed. 
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Analysis of these items is restricted to the 258 pairs of women who 
were parous. The members of each pair were compared with respect to 
total duration of nursing. In 32 pairs there was no difference between the 
members. These pairs contribute nothing to the analysis. The direction 
and extent of the differences in the remaining 226 pairs are summarized 
in table 3. 

There is virtually no difference between the two groups. Slightly more 
of the breast-cancer patients had nursed for longer periods than their 
matched controls. However, this difference was decidedly not significant 
as determined by the nonparametric Wilcoxon Matched-pairs Signed- 
ranks test (29), which was used in preference to the ¢ test to avoid errors 
due to non-normality of the data. 


TaBLE 3.—Distribution of difference between pair members in total 
duration of nursing 





Direction of difference 





Cancer patient nursed Comparison patient 
Magnitude of dif- longer than compari- nursed longer than 





ference (weeks) son patient cancer patient 
1-13 21 13 
14-26 17 17 
27-39 11 11 
40-52 13 19 
53-78 16 15 
79-104 6 Yj 
105-156 18 15 
157 or more 14 13 
Total 116 110 





The mean durations of nursing per mother and per child, by the parity 
of the mothers, are shown in table 4. Except for the first parity class, the 
breast-cancer patients nursed, on the average, for a slightly longer time 
than did the comparison patients. However, an analysis of the individual 
parity classes by means of the Wilcoxon test failed to yield any statistically 
significant differences. 

It is of interest to note that the mean duration of nursing per child 
increases with increasing parity, which suggests a positive association of 
duration of nursing with fertility quite apart from, and in addition to, 
that resulting from the greater opportunity for nursing which accompanies 
greater fertility. 

The proportions of mothers who never nursed, in each group and parity 
class, are shown in table 5. A mother was considered to have nursed if 
she had breast-fed a child, either alone or in combination with bottle 
feeding, for at least 1 week. For all parity classes but one, the proportion 
of women who never nursed a child is greater in the comparison group 
than in the group of breast-cancer patients. None of the differences are 
significant by the usual ¢ test for differences between proportions. 
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BREAST CANCER: NURSING AND MENOPAUSAL HISTORY 739 
It may also be observed that, as might be anticipated, the proportion 
of women in each group who never nursed decreases as the parity class 


increases. 


TaBLE 5.—Proportion of mothers who never nursed, by parity class 





Breast-cancer patients Comparison patients 


Total Number -— wPercent Total Number 
number who who number 





Percent 
who who 
of never never of never never 
Parity patients nursed nursed patients nursed nursed 





19 33. 3 63 41.3 
17 23. 0 69 27.5 
8 13. 1 51 25. 
3 10. 3 40 é 


: 12. 5 12 25. 
6 or more 4.8 23 


Total 50 19. 4 258 





Although there is no significant difference in total duration of nursing 
of the two groups of women or in the proportion of women in each group 
who never nursed, there could still be a difference in the proportion of her 
children that each mother had nursed. In table 6 is shown the proportion 
of children who were nursed, and the average number of children that 
each mother nursed, in each parity class. Once again, such differences as 
are present are in the direction of more frequent nursing among the 


breast-cancer patients than among the comparison group. However, by 
the sign test none of the differences are statistically significant. 

The over-all nursing patterns of both groups of parous women are shown 
in text-figure 1, in which the cumulative percentages of children who have 
been nursed for less than certain periods of time are illustrated. For 
example, 47 percent of the children of women with breast cancer have 
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Text-FigurE 1.—Cumulative percent of children that have been breast-fed for 
stated periods. The figure is explained in the text. 
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either never been nursed or have been nursed less than 6 months, com- 
pared with 49 percent of the children of the comparison group. Examina- 
tion of this graph and similar graphs for each parity class failed to reveal 
any appreciable differences in the nursing patterns of the two groups of 
women. Whatever differences were noted are probably not statistically 
significant, although this cannot be verified mathematically since the 
durations of nursing of individual children are not independent. 


MENOPAUSAL HISTORY 


The relationship between breast cancer and menopause has been 
examined from two points of view. The first concerns the difference in 
mean age at menopause between women with breast cancer and women 
in the comparison group, and the second concerns the frequency of 
artificial menopause in the two groups. In a comparison of the two 
groups of women as to menopausal history, only those cancer patients 
who had had their menopauses prior to the diagnosis of breast cancer 
were considered as postmenopausal. To insure comparability of the 
groups, the menopausal status of each comparison patient was evaluated 
at the age corresponding to the time of diagnosis of the neoplasm in the 
matched cancer patient. In the evaluation of the frequency of artificial 
menopause, comparison patients in whom an artificial menopause had 
been induced in connection with their present illness were considered 
to be still menstruating. In accordance with various hypotheses con- 
cerning the relation of menopause to marital status and parity, separate 
examinations were made for single childless women, married childless 
women, and married parous women (parity being determined on the 
basis of live-born children). 

The frequency of menopause and the age at menopause at the time of 
diagnosis of the neoplasm in the breast-cancer patients and at equivalent 
ages in the comparison group are shown in table 7. It is seen that of the 
340 breast-cancer patients, 211 (62.1%) had had their menopauses prior 
to the diagnosis of breast cancer, and an almost identical number, 213 
(62.6%), of the comparison patients had also had their menopauses prior 
to the equivalent ages. The proportions of premenopausal cancer and 
comparison patients are similar within each subgroup. (It should be 
noted that age differences exist between the marital status and parity 
classes. No realistic comparisons between classes can be made—only 
of breast cancer and comparison patients within classes.) 

The mean ages at menopause of these women are shown in table 8. 
For both groups of married women, the comparison patients had a lower 
mean age at menopause than the breast-cancer patients did, although the 
difference was significant only for the childless group. For the single 
women, the difference was in the opposite direction. When the groups 
are combined, the difference between the means is small, but is statistically 
significant at the 0.03 level. These observations, therefore, tend to 
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corroborate earlier reports (25) that women with breast cancer tend to 
have their menopauses later in life than women without breast cancer do. 


TaBLE 8.—Mean age at menopause of women who were postmenopausal at time of 
diagnosis of breast cancer or at equivalent age, by marital status and parity 





Marital status and Number 
parity group Patient group of women Mean + §8.E.* Pt 





Single childless women Breast cancer 12 42.5 + 2.37 


0. 75 


Comparison 13 44.9 2. 46 


Married childless women Breast cancer 40 45.9 


0. 96 


+ 
t 
+t L112 
Married parous women Breast cancer 159 45.8 + 0.47 
+ 
* 
+ 


Comparison 44 41.8 


Comparison 156 45. 0 0. 53 
0. 42 


0. 49 


Breast cancer 211 45. 6 
Total 


Comparison 213 44.3 





*S.E. = standard error of the mean. 


+P = probability of the mean age at menopause of the breast-cancer patients exceeding that of the comparison 
group by an amount as great as or greater than that observed, as determined by the ¢ test. 


One possible explanation for the difference in mean age at menopause 
between the two groups is a difference in the frequency of artificial meno- 
pause. The menopausal status at the time of diagnosis of breast cancer 
or at the equivalent age in the comparison patients is shown in table 9. 
The frequencies of women who had had their menopauses prior to the 
diagnosis of cancer or prior to the equivalent age are practically identical 
in the two groups. However, there is a marked difference between the 
two groups as to the frequency with which menopause had been artificially 
induced. In each subgroup, there were almost twice as many comparison 
patients who had had artificial menopauses as there were breast-cancer 
patients. This difference does not achieve statistical significance (see 
Appendix) for the two smaller subgroups, but it does for the group of 
married parous women (the numerically largest group) and for the total 
group. 

The higher incidence of artificial menopause among the comparison 
patients explains their earlier age at menopause, as noted previously. 
This is demonstrated in table 10 in which is presented the average age at 
menopause of each subgroup and further subdivided according to type of 
menopause. Although there is still a slight tendency for the comparison 
patients to have an earlier menopause than the cancer patients, the 
differences are decidedly not statistically significant. 

At this point it is of interest to inquire whether there is any relationship 
between the age at menopause and the age when breast cancer is diag- 
nosed. In table 11 are shown the mean intervals between menopause 
and diagnosis, calculated from the data arranged in 5-year age groups, 
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for those women who were postmenopausal at the time of diagnosis. 
There does not seem to be any constant relationship between age at 
menopause and age at diagnosis, the decrease in mean intervals between 
menopause and diagnosis with increasing age at menopause being what one 
would expect in a disease whose incidence increases with age. It is in- 
teresting to note, however, that the mean intervals between menopause 
and diagnosis for the women who had artificial menopauses are shorter 
than those for the women who had natural menopauses, for all age groups 
but one. Due to the small size of the groups, these differences are not 
statistically significant, but the trend is noteworthy and warrants further 
investigation in larger groups. 
TasLe 11.—Mean interval between menopause and diagnosis for 


women who were postmenopausal at time of diagnosis, by age at 
and type of menopause 











Natural menopause Artificial menopause 
Age at Number Mean interval Number Mean interval 
menopause of women (years) of women (years) 
25-29 —_ _— 3 13. 3 
30-34 4 25. 0 5 17. 0 
35-39 13 21.9 6 16. 0 
40-44 33 17.8 7 6. 8 
45-49 57 12. 0 3 12.1 
50-54 68 11.8 4 4.1 
55-59 7 10. 4 — — 
60-64 1 5.0 — oa 
Total 183 13. 9 28 11.5 





OTHER VARIABLES 


Examinations were conducted of a number of other variables for which 
data were available in the interview schedules. 


Menstrual Activity 


The mean ages at menarche of the breast-cancer patients and the com- 
parison patients were 13.53 + 0.091 years and 13.70 + 0.099 years 
respectively. The mean duration of menses for the breast-cancer patients 
was 4.72 + 0.075 days, while for the comparison patients it was 4.59 + 
0.087 days. Twenty-one cancer patients reported that they had irregular 
intervals between the menses as compared with 23 of the comparison 
patients. Of the remaining 319 cancer patients, 294 (92.2%) reported 
intervals between menses of 28 days, whereas 295 (93.1%) of the remaining 


317 comparison patients didso. None of these differences are statistically 
significant. 


Fetal Death 


Among the 257 married, parous breast-cancer patients, there was a 
total of 936 pregnancies. Of these, 187 (20.0%) terminated in death of 
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the fetus, as compared with 153 (17.2%) fetal deaths in 890 pregnancies 
among the married, parous comparison patients. Among the 58 married, 
childless cancer patients, there were 41 pregnancies, all of which terminated 
in fetal death, as compared with 24 pregnancies ending in fetal death 
among their comparison patients. Since the outcome of any pregnancy 
is not completely independent of the outcome of the other pregnancies 
of that woman, exact tests of significance could not be applied to these 
data. However, if it is assumed that the outcome of each pregnancy 
is independent of all others, these differences are not statistically signifi- 
cant. Of the 750 live-born children produced by the breast-cancer 
patients, 26 (3.5%) failed to survive longer than 6 months, as compared 
with 27 (3.7%) of tbe 739 live-born children of the comparison patients. 
This difference is clearly not significant. 


Smoking 


The distribution of the breast-cancer and comparison patients according 
to smoking history at the time of interview is shown in table 12. There 
are no significant differences between the two groups. 


TaBLeE 12.—Distributions by smoking history at the time of interview 





Number of cigarettes smoked per Smoke 
day other 


than 
Patient Do not ciga- 


group smoke 1-5 6-10 11-20 21-40 40+ rettes Total 








Breast cancer Number 243 26 25 36 10 0 0 340 
Percent 71.5 we Ree 10.6 2.9 00 60.0 100.0 


Comparison Number 243 22 27 37 9 1 1 340 
Percent 71.5 65 7.9 109 2.6 0.3 O.3 100.0 





Medical History 


The number of major illnesses and operations that each woman had 
experienced up to the time of her first hospital admission for breast cancer, 
if a cancer patient, or up to the equivalent age (excluding her present 
surgical complaint) if a comparison patient, are shown in table 13. 
Although the comparison patients had somewhat more operations and 


illnesses than the cancer patients, the difference is not statistically 
significant (P = 0.14). 


TaBLE 13.—Number of major illnesses and operations prior to diagnosis of breast 
cancer or equivalent age 





Number of major illnesses and operations 





Patient group 0 1 2 3 4 5 





Breast cancer 133 109 62 + 
Comparison 115 100 67 
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DISCUSSION 


In this study we have failed to reveal any appreciable differences 
between a large group of breast-cancer patients and a carefully matched 
group of general surgical patients in regard to their nursing histories. 
Whatever differences have been observed have not been statistically 
significant and have tended to be in the opposite direction to that pre- 
dicted by previous reports. The data have revealed the close relationship 
between nursing history and fertility, which includes as one of its com- 
ponents the greater opportunity for nursing by more fertile women, but 
also incorporates additional important components (table 4). Age, race, 
and a wide variety of socioeconomic variables may also influence nursing 
history, both through their associations with fertility and through other 
mechanisms. It follows that the most likely explanation of the short or 
infrequent nursing experiences postulated for breast-cancer patients by 
previous workers is failure to allow for such characteristics, either by 
matching of the comparison group or by appropriate analytic techniques. 

The general similarity of the breast-cancer group and the comparison 
group used in the present study with respect to menstrual activity, fetal 
loss, smoking and medical history, as well as nursing history, supports 
the contention that the comparison group is an appropriate one. 

The suggestion of Lilienfeld (27) that artificial menopause affords 
some protection against the later development of breast cancer is supported 
in this study by the lower frequency of artificial menopause in the breast- 
cancer patients than in the comparison group. By matching the com- 
parison to the patient group and by separate examination of single, 
married childless, and married parous women, we have been able to show 
that the lower frequency of artificial menopause in the breast-cancer 
patients is not the result of secondary associations with fertility. The 
mechanism of this relationship remains unknown. 

Lilienfeld (27) has suggested that the lower incidence of breast cancer 
following artificial menopause might explain the difference in breast- 
cancer incidence known to exist between married and single women, since 
a lower frequency of artificial menopause among single than among 
married patients remained after appropriate allowance for age differences. 
Since our comparison group was matched by marital status we were 
unable to examine this possibility. However, we may note that the 
difference in rates between married and single women that is independent 
of fertility is small compared to the difference attributable to fertility. 
Logan (12) reported equivalent average death rates of 746 and 697 per 
million for single and married infertile women respectively. Assuming 
that 20 percent of married women of breast-cancer age have had an 
artificial menopause and that artificial menopause reduces the risk of 
breast cancer by 50 percent (both of which assumptions are not inconsist- 
ent with either Lilienfeld’s or our own data), we may calculate that 
rates for married infertile women would be 774 and 387 per million among 
those who had not and those who had an artificial menopause, respectively. 
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On the basis of these rates it may be further calculated that, in order 
for the high breast-cancer risk of single women to be attributed to a lower 
frequency of artificial menopause, the postulation of an 8 percent fre- 
quency of artificial menopause in single women, compared to 20 percent 
in married, infertile women, would be required. Although the data on this 
point are few in both series they are not inconsistent with this postulate. 
In a sample survey in Buffalo, New York, Lilienfeld (28) found that 5.4 
percent of never-married women, 40 years of age or more, had had an 
artificial menopause compared to 15.5 percent of those who had been 
married. These figures again are consistent with the hypothesis. 

In a previous paper (16), one of us indicated that nursing experience 
was the most likely explanation of a number of the epidemiologic features 
of breast cancer. Nursing experience satisfied the criteria of being closely 
associated with fertility (the inverse association of breast cancer with 
fertility independently of marital status is well established) and yet 
nevertheless being separable from it (breast cancer has been observed to 
be increasing in incidence during periods when fertility was also increas- 
ing). If nursing experience does not have an association with breast- 
cancer risk that is independent of fertility, changes in nursing habits can 
hardly be considered as explanations of these observations. Nor does 
the association with artificial menopause seem a likely substitute, since 
the differences in breast-cancer incidence associated with changes in 
fertility seem too large to be explained in this way, and in addition, the 
data of table 9 indicate a frequency of artificial menopause somewhat 
lower among the married parous patients than among the married child- 
less group. Furthermore, although no data are available on the question, 
one would not consider seriously the supposition that the frequency of 
artificial menopause has been decreasing in this country and Great 
Britain during the present century. The elimination of lactation experi- 
ence as an independent variable in breast cancer, if confirmed, leaves a 
number of provocative epidemiologic observations in need of explanation. 


APPENDIX 


Chi-square Test for Retrospective Matched-Sample Studies With 
Three Levels for the Study Factor 


Mantel and Haenszel, in a recent paper, presented an extension of the 
Chi-square test to case-history studies in which the data are subclassified 
by factors controlled in the analysis (30). As they indicate, the matched- 
sample study ‘‘. . . can be considered a special case of the classification 
procedure with the number of classifications equal to the number of pairs 
of individuals.” The procedure which they suggest for the analysis of 
studies in which the study factor can take on three values, as in table 9 
of the present investigation, is thus readily modified for the special case 
of the matched-sample study as described here. 
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The contingency table for the matched-sample data with N pairs of 
individuals may be represented as follows: 





Comparison group 





Disease group Level 1 Level 2 Level 3 Total 














Level 1 a b c R, 
Level 2 d e f R 
Level 3 g h k Rs 
Total C, C, C; N 





This table indicates that the proportions of individuals at each level 
in the two groups are intercorrelated, as are the deviations from expec- 
tation at the various study-factor levels. Hence, it would not be proper 
to compare the marginal totals by means of the usual Chi-square test 
with 2 degrees of freedom. Instead, the correlated deviations may be 
reduced to a summary Chi square by the procedure described by Mantel 
and Haenszel. 

The computation procedure for the summary Chi square for matched- 
sample data, with three levels for the study factor, is shown in table A-1 
which is a special case of table 2 in the paper by Mantel and Haenszel. 
The values of EZ; and V, were calculated by means of the following 
equations: 


E, = 25 M;/2 and V; = 2 My (2—M,,)/4 


where 7 ranges from 1 to N, 7 = 1, 2, 3, and the M, take on the following 
values: 


for a pairs M,, = 2, M., = 0, and M;, = 0, 
for b pairs M,, = 1, Ma, = 1, and M;, = 0, 
for c pairs M,, = 1, My, = 0, and M;, = 1, 
for d pairs M,, = 1, M,, = 1, and M;, = 0, 
for e pairs M,, = 0, M,, = 2, and M;, = 0, 
for f pairs M,, = 0, M,, = 1, and M;, = 1, 
for g pairs M,, = 1, M,, = 0, and M;, = 1, 
for h pairs M,, = 0, M2, = 1, and M;; = 1, and 
for k pairs M,, = 0, M,, = 0, and M,,; = 2. 
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Statistics om Men Disqualified for Military 
Service Because of Cancer: A Note’! 


BERNARD D. KARPINOS, Chief, Prevalence Studies 
Section, Medical Statistics Division, Office of the Sur- 
geon General, Department of the Army, Washington, 
D.C. 


SUMMARY 


Disqualifications for military service pilonidal cysts as well as benign neo- 
because of- neoplastic conditions are plasms under one general heading.— 
seriously inflated by the inclusion of J. Nat. Cancer Inst. 24: 755-756, 1960. 


“TI. What was the military manpower loss during World War II from Cancer? 
1. Of approximately 5,000,000 men between the ages 18 to 37 rejected for medical 
reasons during the last war, 32,200 were rejected for cancer out other neoplasms. 
This would have been sufficient to man at least two Army Infantry Divisions of 
World War II strength (14,477 men to each division).”’ 


This quotation is from the section ‘‘What are the facts about cancer? 
What are we doing about cancer?” in the 1959 edition of “Facts on the 
Major Killing and Crippling Diseases in the United States Today,” 
published by the National Health Education Committee, Inc., New York. 

The number of registrants who were in class 4-F on August 1, 1945, 
because of neoplasms (all forms), was 32,200, as estimated by the Selective 
Service Headquarters (see: Medical Statistics Bulletin, No. 4, App. B, 
table 4, p. 36, National Headquarters of the Selective Service System, 
1946). 

Since these disqualifications are discussed in the quoted publication 
under the section on cancer, the number of rejections given may be con- 
strued as principally due tocancer. Actually, World War II data indicate 
the following percent distribution of the neoplasms by type: 


Type of neoplasm* Percent 
All neoplasms 100. 0 





Pilonidal cysts 

Other benign neoplasms 
Malignant neoplasms 
Unspecified neoplasms 


* Diagnostic classification in accordance with the “‘ Manual for Coding Causes of Illness,”’ U.S. 
Public Health Service, Misc. Publication No. 32, 1944. 


! Received for publication October 19, 1959. 
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On this basis, of the estimated 32,200 registrants disqualified for 
neoplasms, between 1,400 and 1,500 of them were seemingly disqualified 
for cancer. 

In the cancer section of the same quoted publication, the following 
additional statement is made: 


“Tt is estimated that out of 556,238 registrants for military service examined between 
July 1950 and September 1953 who were rejected for medical reasons, 13,906, 2.5%, 
were rejected because of cancer and other neoplasms.” 


Again, the disqualifications (13,906) for all forms of neoplasms could be 
taken mistakenly as representing primarily malignant neoplasms. Instead, 
the percent distribution of neoplasms for this period was as follows, 
by type: 


Type of neoplasm* Percent 
All neoplasms 100. 0 





Pilonidal cysts 72.3 
Other benign neoplasms 16. 9 
Malignant neoplasms 3. 0 
Neoplasms of the lymphatic and hematopoietic tissues mR 
Unspecified neoplasms 6.1 


* Diagnostic classification in accordance with the ‘‘ Manual of the International Statistical 
Classification of Diseases, Injuries, and Causes of Death,’’ 1948. 


On the basis of this distribution, the number of registrants disqualified 
during this period for malignant neoplasms, including neoplasms of the 
lymphatic and hematopoietic tissues, might have been between 600 and 
700. This number of registrants disqualified for malignant neoplasms 
was about one-tenth of 1 percent of the total number disqualified for 
medical reasons (see: Medical Statistics of the United States Army. 
Annual Report of the Surgeon General, 1953, table XX XIII, p. 89). 

It should be realized, however, when evaluating the actual disqualifica- 
tion data for malignant neoplasms, that new cases of the diseases are 
seldom discovered or diagnosed as such at the induction stations. Diag- 
nosis of malignancy at the induction stations is usually established on the 
basis of medical evidence supplied by the examinees, and it relates prim- 
arily to those with a history of malignancy. 

This note was not intended, of course, to minimize the seriousness of 
the cancer problem(s). 





(% nno uncemens) ‘ 








Manuscripts Approved for JNCI, January 15 to February 15, 1960 


“Response of a localized lymphocytic neoplasm of the mouse to 9-a-fluorohydro- 
cortisone and related steroids,” by Julia McCain Lampkin-Hibbard. 

“Pathogenicity of a viral strain (RPL12) causing avian visceral lymphomatosis and 
related neoplasms. III. Influence of age of host and route of inoculation,’ by B. R. 
Burmester, A. K. Fontes, and W. G. Walter. 


“Transplantation immunity involving the H-3 locus: Graft survival times,’’ by James 
H. Berrian and Charles F. McKhann. 


“Tumor-promotion by citrus oils: Tumors of skin and urethal orifice (caruncles) in 
mice,’ by Francis J. C. Roe and Winifred E. H. Peirce. 


“Rapid electronic measurement of cell volume and distribution,” by A. C. Peacock, 
G. Z. Williams, and H. F. Mengoli. 


“Studies on noninfective tumors produced in turkeys by Rous sarcoma virus,” by 
Frank J. Rauscher and Vincent Groupé. 


“The influence of CO, tension on the respiration of the Yoshida ascites tumor cells,” 
by Jgrgen Kieler. 


“Evaluation of the enzymes of the Krebs-Henseleit cycle in human epidermis,’’ by 
tobert G. Crounse and Simon Rothberg. 


“The influence of the pregnancies on the histogenesis of the mammary cancer of the 
RIII/Dm/Se substrain,’”’ by Maria Olivi. 


“Contact transmission of Rous sarcoma,’”’ by B. R. Burmester, A. K. Fontes, and 
W. G. Walter. 


757 





ERRATA 


Volume 23, Number 6, December 1959 


Page 1199, table 2: In the paper titled ‘‘Genetic Factors in Parabiosis,’’ by Eich- 
wald, Lustgraff, and Strainer, in the column ‘‘Day of separation,’’ for the total ‘33 
pairs’ read ‘37 pairs.”” In the column ‘‘Day of death—both dead,” for the total 
“5 pairs” read ‘4 pairs.”’ 

Page 1204, under “Discussion,” line 16, for ““Hypaque transmission is consistent 

. .” read ““Hypaque transmission is inconsistent . . .”’ 

Page 1205, under “‘Parabiotic Intoxication,”’ line 9, for ‘‘zone of injunction” read 
“zone of junction.”’ 


Volume 24, Number 1, January 1960 


Page 149: In the title of the paper by Morris, Velat, Wagner, Dahlgard, and Ray, 
for “Studies of Carcinogenicity in the Rate of Derivatives of Aromatic Amines Related 
to N-2-fluorenylacetamide”’ read “Studies of Carcinogenicity in the Rat of Deratives 
of Aromatic Amines Related to N-2-fluorenylacetamide.” 
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